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1.0 INTRODUCTION 
 
El Paso Merchant Energy-Petroleum Company (El Paso) is in the process of fulfilling certain 
obligations of the Administrative Order on Consent (AOC) signed between El Paso and the U.S. 
Environmental Protection Agency (EPA) Region 6 in September 2002 (EPA, 2002).  The AOC 
obligates El Paso to investigate and address hydrocarbon contamination on the Elementis 
Chromium, L.P. (Elementis) property east of Cantwell Lane in two phases consisting of an 
Interim Measures (IM) Area Investigation/Implementation and a Facility 
Investigation/Corrective Measures Study (FI/CMS). 
 
One component of the FI/CMS, which is the subject of this Work Plan, is a task referred to as the 
“Facility Light Non-Aqueous Phase Liquid (LNAPL) Removal System Upgrade.”  URS 
Corporation (URS) has been contracted by El Paso to develop this LNAPL Removal System 
Upgrade Work Plan (hereafter referred to as the Work Plan), which is required by the AOC as 
the first step of the LNAPL Removal System Upgrade.  This Work Plan addresses that 
component of the overall response action and proposes soil vapor extraction (SVE) as the first 
phase of implementation.  This Work Plan is being prepared simultaneously with the FI Report 
and the CMS.  Those documents will be submitted to the EPA in February 2010.  In several 
cases, this Work Plan references the FI and CMS; although those documents will be submitted at 
a later date than this plan, the submittal dates are close enough to not warrant repetition of data 
and text.  The schedule for submittal of this Work Plan was contingent on approval of the FI 
Work Plan.  The FI Work Plan was approved on February 13, 2009. 


1.1 Overview 
The LNAPL Removal System Upgrade strategy, scope, and monitoring plan are the subjects of 
this Work Plan.  The AOC requires that the LNAPL Removal System Upgrade be installed 
“throughout the Facility to remove the LNAPL plume to the extent technically practicable within 
a reasonable time frame.”  The AOC requirements are further detailed in Section 3.0. 
 
While background information and data related to LNAPL extent, thickness, and properties is 
provided in this report, additional background information and an updated conceptual site model 
will be provided in the forthcoming FI Report (to be completed early 2010). 


1.2 Objectives of LNAPL Removal System Upgrade Work Plan 
 
The objectives of this Work Plan, as outlined by the AOC, are to: 


• “Provide sufficient information to support design and implementation of the 
LNAPL Removal System”; 


• “Present specifications for implementation of the LNAPL Removal System”; 


• “Include data illustrating the current distribution of LNAPL floating atop the 
groundwater at the Facility”; and 
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• “Include location maps for installation of additional sampling points, monitoring 
wells and piezometers adequate to determine the extent of decreasing thickness of 
LNAPL to non-detect.” 


 
In addition to the above requirements that were stipulated by the AOC, this plan summarizes 
previous response actions that have been performed, including all hydraulic extraction and 
recovery systems that have been implemented to date.  This plan provides a detailed overview of 
LNAPL extent as measured by apparent thickness in monitoring wells, and provides information 
regarding the distribution of various product types.  A soil model is discussed, and soil types in 
various areas were measured for fluid flow parameters.  This plan provides details regarding the 
regulatory objectives, provides an implementation schedule, and fully describes all existing, 
operating recovery systems. 
 
Finally, this Work Plan presents a proposal for the first Phase of the application of SVE as the 
first of a multiphase approach.  Along with the implementation plan is a monitoring plan, which 
discusses the methods by which progress will be monitored.  This monitoring plan will provide 
data that will be required for further decision-making during subsequent phases of 
implementation. 


1.3 Organization of the Report 
This report is organized into the following sections and appendices: 


• Section 1.0 - Introduction 


• Section 2.0 - Site Conditions 


• Section 3.0 - Regulatory Objectives 


• Section 4.0 - Description of Existing Systems 


• Section 5.0 - Proposed Systems - Design and Implementation 


• Section 6.0 - Monitoring Plan 


• Section 7.0 - References 


• Appendix A - Laboratory Reports for Free Product Samples 


• Appendix B - Petrophysical Soil Core Photographs 


• Appendix C - Grain Size Analyses 


• Appendix D - Capillary Pressure Curves 


• Appendix E - Initial and Residual Saturations 


• Appendix F - Baildown Testing Information 


• Appendix G - Phase I Soil Vapor Extraction Implementation Memorandum 
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2.0 SITE CONDITIONS 
 
This section presents both background information for the Facility and data associated with 
LNAPL distribution and aquifer soil parameters.  The text in Sections 2.3 and 2.4 summarizes 
the recent investigation results related to this Work Plan, including LNAPL distribution, 
groundwater flow direction and fluctuation, chemical and physical free product analyses, and 
petrophysical soil parameters. 
 
Comprehensive background information and site history was previously provided in the 
Capstone Report and FI/CMS Sampling and Analysis Plan (SAP).  The Capstone Report was 
previously included as an appendix to the IM Implementation Work Plan, Rev. 2 (URS, January 
2009).  The FI/CMS SAP was submitted in April 2009 and provided an integrated summary of 
the conceptual site model at that time.  The Capstone Report and FI/CMS SAP will be 
superseded by the FI Report, which will be a compendium of all investigative efforts to date and 
will contain an updated, comprehensive conceptual site model.  The FI Report will be submitted 
to the EPA early 2010. 


2.1 Background Information 
The Elementis facility is located in an industrial area in Corpus Christi (Nueces County) 
characterized by manufacturing and refining operations (Figure 2-1).  The Elementis facility 
occupies approximately 425 acres of property located adjacent to the Valero Refinery (formerly 
the Coastal Refinery) and south of the Corpus Christi Inner Harbor (CCIH) Ship Channel near 
the Avery Point Turning Basin.  The IM Area is located at the northern extent of the Elementis 
manufacturing operations.  The southern border of the eastern portion of the Elementis site is 
adjacent to the Citgo Refinery and the former Hess Terminal and Oak Park Triangle (Hess). 


2.2 Site History 
The following subsections provide a review of the former land use, the source of contamination, 
regulatory information, site history, and other information pertinent to this Work Plan. 


2.2.1 Land Use and Site History 
PPG Industries, Inc. (PPG) constructed the original facility, now known as Elementis, in the 
1930s for the manufacturing of soda ash, chlorine, and other alkalis.  In 1960, PPG built a 
chromate plant to produce sodium chromate and sodium dichromate using a high-lime process.  
American Chrome and Chemicals L.P. (ACC) assumed ownership of the property in 1979 and 
continued manufacturing chromate using a no-lime process. 
 
Sinclair Refining Company originally established what is now the Valero Refinery in 1944.  
Coastal States Petroleum Company acquired the refinery in 1962 and began a series of 
expansions that continued until 1984.  In 1984, the name of the company was changed to Coastal 
Refining & Marketing, Inc. (Coastal); and in 2001, El Paso became the successor over the 
refinery as a result of a merger between El Paso Corporation and Coastal Corporation, Inc.  Soon 
after the merger, El Paso leased the refinery to Valero Energy Corporation (Valero) until 2003, 
when El Paso completed the sale of the refinery to Valero. 
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2.2.2 Source of LNAPL Contamination 
Other than the releases associated with transfer pipelines (Pipeline North and Pipeline South), 
there is no apparent evidence that LNAPL was directly released on the Elementis property.  It is 
believed that operations on adjacent facilities, including at the former Coastal Refinery and Hess, 
resulted in releases that migrated and commingled on the Elementis property.  Adjacent 
properties are shown in Figure 2-1.  Off-site releases, after migrating across the Elementis 
property, ultimately resulted in discharges to the CCIH Ship Channel where the Cofferdam is 
currently located.  LNAPL currently extends across the Elementis facility between the refineries 
and the CCIH Ship Channel. 
 
One source of LNAPL contamination is believed to originate from the former Coastal Refinery, 
now the Valero Refinery.  The Valero East Plant North is adjacent to the Elementis facility 
(Figure 2-1) and is located in a generally upgradient direction relative to groundwater flow.  
Another potential source of LNAPL on the Elementis property may have been from Hess, which 
existed south of the eastern portion of the Elementis property.  Control of pipeline releases and 
LNAPL and control of dissolved phase migration at the property lines is essential for the success 
of this Work Plan. 


2.2.3 Responsibility/Regulatory Divisions 
El Paso became involved in environmental activities associated with Elementis upon the merger 
of El Paso Corporation and Coastal Corporation, Inc. in 2001.  At that time, Coastal had an 
existing Agreed Final Judgment (AFJ) that is currently regulated by the Texas Commission on 
Environmental Quality (TCEQ).  Several obligations of that order had already been 
implemented, including an Interim Corrective Action (ICA) System. 
 
In September 2002, El Paso and EPA Region 6 signed an AOC.  The AOC obligates El Paso to 
investigate and remediate hydrocarbon contamination on the Elementis property east of Cantwell 
Lane.  Specifically, the AOC refers to two areas of concern, the Facility Area and the IM Area.  
The AFJ and AOC Areas are shown on Figure 2-2.  The AFJ Area is the Elementis site west of 
Cantwell Lane, consisting of mostly vacant land and former disposal areas for a distance of 
approximately 4,500 feet from Cantwell Lane to Navigation Boulevard.  The AOC is east of 
Cantwell Lane.  The separation of the AOC from the AFJ was documented in the Joint 
Supplement to the Agreed Final Order that was signed on January 23, 2003 (TCEQ, January 
2003). 
 
The AFJ was signed between TCEQ and Coastal (now El Paso) in April 1998 and amended in 
September 2003.  The AFJ order obligated Coastal to remediate hydrocarbons under the 
Elementis site and under the refinery itself.  In 2003, Valero purchased the former Coastal 
Refinery from El Paso.  Responsibilities defined in the AFJ were delegated in the associated 
Purchase and Sale Agreement as follows: 


• Valero will operate, maintain, and, when necessary, enhance their on-site 
groundwater monitoring system and ICA System. 


• El Paso will operate and maintain the off-site groundwater monitoring system and 
ICA System located on the adjacent property owned by Elementis. 


• Together, these systems were designated the ICA Systems. 
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The AOC addresses the portion of Elementis property east of Cantwell Lane.  Specifically, the 
AOC Area is defined as “the area of contamination beyond the Coastal Refinery East Plant-
North and extending onto or under the portion of ACC (Elementis) property located East of 
Cantwell Lane and to the CCIH Ship Channel” (AOC, Section I).  This area is also referred to as 
the Facility Area, of which the IM Area is a part. 
 
The IM Area is the portion of the AOC Area where the Cofferdam System currently recovers 
LNAPL and impacted groundwater.  The “IM Area” is defined in the AOC as that portion of the 
facility within 350 feet landward of the mean high tide mark as shown on the United States 
Geological Survey (USGS) Corpus Christi Quadrangle Map.  The IM Area includes the IM Area 
Extraction Network as well as the groundwater recovery systems that are located within the 
southern part of the IM Area.  Details regarding the configuration of the existing systems are 
provided in Section 4.0. 


2.2.4 Response Actions to Date 
Response actions to date, including historical response actions, consist of those performed as part 
of the interim measure and those performed on the Facility under the ICA implementation.  The 
ICA system was previously described in Section 2.2.3.   


Activity in the current IM Area began in 1971.  Elementis installed a Cofferdam sheet pile 
barrier along the CCIH Ship Channel in an effort to prevent chromium and heavy hydrocarbon-
containing water from entering the surface water.  Water was extracted from a sump installed in 
an open trench adjacent to the Cofferdam.  Additional seeps occurred in the late 1980s.  Texas 
Water Commission issued an agreed order requiring ACC to recover and treat chromium-
contaminated groundwater in 1988.  This resulted in the construction of four additional 
interceptor trenches.   


In 1995, the extraction system began recovering benzene product in addition to the heavier 
hydrocarbons and chromium contamination.  As a result, Elementis covered the trench in 1998 
and constructed the Cofferdam Groundwater Recovery System.   


Because of increased benzene concentrations entering the area, the existing Cofferdam Area 
Extraction Network (which was not designed to handle high benzene concentrations) 
experienced operational problems for periods of time between 1996 and 2002 before these 
operational issues were resolved.  Subsequently, additional extraction wells were installed east of 
the Cofferdam.  Minor releases of free-phase hydrocarbon were observed in 2000 and 2004 at 
certain locations near the shoreline of the CCIH; and a free-phase hydrocarbon seep was 
observed in 2007 in the vicinity of recovery well R-4, located west of the IM Area.  A recovery 
trench and six sumps were installed west of the IM Area to address the observed seep.   


The Cofferdam Groundwater Recovery System was upgraded in 2008.  Additional extraction 
wells and a fully-penetrating subsurface barrier were installed adjacent to the surface water in 
2009.  Currently operating systems for the Facility Area are described in detail in Section 4.0. 
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2.3 LNAPL Distribution and Properties 
This section describes the current extent of LNAPL on the Elementis site, the division of the 
total LNAPL area into distinct zones, various soil parameters in the vicinity of the hydraulic 
surface, the total thickness and composition of the 1st water bearing zone (WBZ), chemical and 
physical LNAPL properties in several locations, and petrophysical soil parameters. 


2.3.1 Current LNAPL Distribution and Potentiometric Surface 
Figure 2-3 presents the extent of the LNAPL plume in September 2009, measured as apparent 
thicknesses in site monitoring wells and piezometers.  The configuration of the plume was 
developed after performing a comprehensive gauging event in September 2009.  That gauging 
event was one of several events conducted through the summer and fall of 2009; these events 
were the first ones conducted after the installation of 44 monitoring piezometers during the FI.  
Two events occurred in the two months prior to the September 2009 event, and another gauging 
event occurred in October 2009.  No significant differences in the plume configuration were 
noted.  The October 2009 LNAPL plume configuration will be presented in the FI Report. 
 
The new piezometers, LPZ-01 through LPZ-44, allowed for more refined measurement of 
LNAPL accumulations across the Facility Area.  As such, the historical shape of the LNAPL 
plume changed significantly once the new locations were incorporated into the gauging program.  
As shown in Figure 2-3, there appears to be two major lobes of product that commingle in the 
downgradient direction (north) prior to entering the IM Area.  It is suspected that these two lobes 
are from separate sources, as the product types are distinctly different (product composition and 
type will be further discussed in Section 2.3.4).  In addition to the East and West lobes, it is 
believed that product accumulation in some monitoring wells and piezometers are a result of 
losses from transfer pipelines that extend from several facilities to the North Docks (further 
described in subsequent sections).  
 
Figure 2-4 depicts the calculated potentiometric surface overlain onto the LNAPL thickness 
contours.  The September 2009 gauging data was also used to create the potentiometric surface.  
When LNAPL is not present in a monitoring well, the potentiometric surface for that well is the 
actual elevation of groundwater.  If LNAPL is present in a well, the potentiometric surface is 
calculated by accounting for the weight of the LNAPL on top of groundwater in the well.  Since 
the weight of the product depends on specific gravity, and the specific gravity varies with 
product type, well-specific corrections were made to ascertain the potentiometric surface. 
 
Figure 2-4 shows the absolute liquid head values, or “top of fluid encountered,” in relation to the 
LNAPL plume configuration. 


2.3.2 LNAPL Zones 
It is believed that the current LNAPL distribution is a result of many factors that resulted in free 
product emanating at the current location of the Cofferdam in the early 1970s, and a second type 
of product (benzene) arriving at the same location in 1995.  These factors include the following: 


• Physical location of the source of the releases; 
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• Groundwater hydraulics affected by groundwater and LNAPL flow direction, 
groundwater fluctuation, soil type at the hydraulic surface, variance in the 
thickness of the aquifer, and soil type through the thickness of the aquifer; 


• Physical properties of the LNAPL; and 


• Physical properties of soils. 
 
To facilitate the discussion of various topics, the AOC LNAPL Area was divided into nine 
zones.  These zones were created after considering several factors, including the history of the 
various releases, general soil type at the hydraulic surface (presented in Section 2.3.3), the 
composition of the LNAPL in several areas (presented in Section 2.3.4), and the actual response 
actions planned (these response actions are presented in Section 5.0).  Figure 2-5 shows the 
locations of the nine zones and the location of the bluff in the IM Area.  Table 2-1 describes the 
various zones. 


2.3.3 Groundwater Potentiometric Surface and Spatial Soil Model 
The September 2009 groundwater potentiometric surface is shown on Figure 2-4.  The 
groundwater surface has fluctuated since comprehensive gauging began in 2006, with two 
particular events representing the extreme high and low potentiometric surfaces during this time 
period.  The September 2009 groundwater event exhibited a relatively low potentiometric 
surface, while the October 2008 event exhibited an overall higher potentiometric surface than the 
other events. 
 
The groundwater surfaces for the September 2009 and October 2008 events are shown together 
on Figure 2-6.  Variation in groundwater elevation is roughly 1 to 1.5 feet between October 2008 
and September 2009 over a majority of the area of interest.  In the vicinity of extraction wells on 
the Facility, higher differences are observed.  During the September 2009 event, the Facility 
LNAPL extraction wells were shut down approximately one week prior to gauging (the 
Cofferdam Area extraction wells are not shut down for these events).  No recovery wells were 
shut down for the October 2008 event. 
 
As another check on aquifer variation in specific areas of the site, potentiometric data for 
individual wells was evaluated over time.  Wells associated with the AFJ Monitoring Event 
include several observation well, upper (OW-U) designated wells.  Table 2-2 presents 
potentiometric data over time for wells monitored during the AFJ semiannual events.  
Discounting OW-U38, which is under the influence of tidal fluctuation, the maximum variation 
in the potentiometric surface was about 2.25 feet.  However, most fluctuations were significantly 
less than that.  Based on all available data, it was decided that a fluctuation of two feet would be 
used as the basis for variation during several analyses. 
 
Spatial Soil Model 
The distribution of LNAPL appears to be affected by several factors that relate to the soil 
distribution and thickness of the aquifer.  To evaluate soil type distribution and the dimensions of 
the aquifer, a spatial soil model (SSM) was developed.  The SSM was created using electronic 
logs from cone penetrometer test (CPT) pushes and logs from the recently-installed LPZ 
piezometers (these piezometers were continuously and carefully logged from the ground surface 
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to the bottom of the 1st WBZ).  Additionally, information was added to the SSM from other 
URS-logged boreholes if the logging provided enough detail and was conducted by continuous 
core. 
 
The soil model contains 39 soil types from the combination of CPT and physical logging; these 
soil types were grouped into three units representing ranges of permeability (a fourth group was 
used to classify fill, concrete, asphalt, etc.).  Table 2-3 shows how the soil types were grouped 
into the following three permeability ranges: 
 


• High - fine sand and coarse grained deposits; 
• Low - clay and silty clay; and 
• Moderate - a variety of soil types falling between fine sand and clay 


 
Soil Type at the Hydraulic Surface 
The distribution of LNAPL appears to be affected by the soil type that is present at the hydraulic 
surface.  To evaluate this, a two-dimensional planar surface was generated from the September 
2009 potentiometric contours.  This surface was placed in the SSM.  The model was used to 
calculate the percentages of the three major permeability ranges for the surface of the aquifer. 
 
Figure 2-7 shows the soil type in a two-foot interval spanning the September 2009 potentiometric 
surface.  Since that event represents a low “water table” condition, the span was set at 0.5 feet 
below and 1.5 feet above the planar surface.  Figure 2-7 depicts pie charts indicating the 
percentages of the three soil types that intersect the potentiometric surface at each location.  
Green indicates the percentage of sand, while red and yellow indicate the percentages of clay and 
moderate grain sizes, respectively. 
 
Most of the aquifer surface where LNAPL is encountered consists of the typical fine beach sand 
or larger grain sizes.  However, finer-grained materials intersect the hydraulic surface in several 
locations.  In the southwest corner of the site (near Zone 9) and along the southwest boundary of 
Zone 4, the overlying clay intersects the hydraulic surface over most of this area.  Along the 
eastern portion of the southern border of Elementis, clay also intersects the aquifer surface in 
several locations.  This appears to form a capillary barrier to LNAPL migration. 
 
Closer to the CCIH Ship Channel, northeast of Zone 2 and east of Zone 1, many of the boreholes 
in the model indicate that finer-grained materials at the hydraulic surface form a capillary barrier 
to benzene LNAPL migration.  This barrier appears to cause the LNAPL flow to curve, flowing 
toward the west and joining with the contribution from the former Coastal Refinery (currently 
Valero) prior to migrating toward the Cofferdam. 
 
A cross-section of lithologic information within the upgradient portion of Zone 1 reveals that 
finer-grained lenses intersect the hydraulic surface in the eastern portion while mostly sand is 
present in the western portion.  Downgradient in Zone 1, closer to the surface water, very little 
sand is present at the hydraulic surface; as demonstrated on Figure 2-7, various ratios of clay and 
moderately permeable materials exist.  However, the stratigraphy of the surface of the saturated 
zone in this area is very complex.  It is surmised that previous LNAPL flow in the vicinity of the 
Cofferdam occurred through fine sand seams that meander through the less permeable material at 
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the hydraulic surface.  In the vicinity of the Cofferdam, a deeper sand channel is present within 
the 1st WBZ and appears to have an effect on groundwater flow. 
 
Variance in Aquifer Thickness 
The bottom of the 1st WBZ is defined by an aquitard consisting of clay and silty clay.  A two-
dimensional surface of this aquitard was developed using the SSM.  Additional borehole logs 
were reviewed to develop this surface.  The criteria for selecting these additional locations were 
1) if the vertical elevation of the ground surface or top of casing (TOC) was ascertained, and 2) if 
the borehole log was deep enough to indicate a clear contact point between the aquifer sand and 
the underlying clay.  In a few locations that were advanced deeper where clay was not 
encountered, the maximum depth was used to generate the elevation. 
 
Clay contact elevations were calculated and entered into the model; interpolation was used to 
create the topography of the bottom of the 1st WBZ (Figure 2-8).  The topography of this surface 
varies significantly, ranging in elevation between 6 feet mean sea level (ft msl) and -28 ft msl.  
At most borehole locations, the clay contact is abrupt and can be easily defined.  The contact is 
less clear at locations where significant interbedding or gradual gradation of soil type is present.  
The contact elevations at these types of locations were based on professional judgment.   
 
The combination of aquifer thickness and soil type and distribution within the aquifer dictate 
groundwater flow conditions.  Where LNAPL is present, these hydraulic conditions have 
interacted with the soil type at the surface of the aquifer to distribute LNAPL to its current 
configuration (September 2009). 
 
Using the soil model, the hydraulic surface elevation and the bottom surface of the 1st WBZ were 
used to define the aquifer thickness throughout the area of interest.  Figure 2-9 depicts aquifer 
thickness contours overlain onto the LNAPL plume.  At each location incorporated into the soil 
model, the percentages of the soil types present over the entire aquifer thickness were calculated.  
Pie charts on the figure indicate the percentages of the three soil types that are present within the 
aquifer at each location.  Green indicates the percentage of sand, while red and yellow indicate 
the percentages of clay and moderate grain sizes, respectively. 
 
Changes in the topography of the clay aquitard (and thus the aquifer thickness) appear to have 
more of a relationship with the current LNAPL distribution than the percentages of soil type 
within the aquifer, as long as sand is present.  LNAPL is not typically present above the 
topographic highs in the aquitard; the distribution roughly correlates to where the aquifer is 
thickest.  The thickest portions of the aquifer were potentially developed from channel features.  
Evidence of such channels is evident in the area between Zone 5 and the Cofferdam and 
southeast of Zone 4 in the direction of Hess. 


2.3.4 Properties and Product Type by Zone 
Free phase product samples have been collected from Facility monitoring wells over the last 
several years.  During the FI, additional product samples were collected to obtain a data set 
representative of various zones of the site.  For this Work Plan, all existing free product 
information was gathered in order to provide a comprehensive overview of product type by zone.  
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During the FI, LNAPL characterization samples were collected from eight wells across the 
Facility where historical product type data and boiling point information suggested varying 
LNAPL composition.  This type of characterization was previously performed for the 
northernmost portion of the plume (at P-08 and EPZ-03) and near the observed seep (near R4).  
Boiling point information was available from a Coastal Refining report written in 1999 (ENSR 
Corporation [ENSR], June 1999).  Table 2-4 shows the percentages of light-end hydrocarbons in 
samples collected by Coastal Corporation in 1999.  The sample locations and results are shown 
on Figure 2-10. 
 
Product type samples were initially collected from four wells across the Facility to supplement 
the previously existing data.  However, after results were received from the four samples, four 
additional samples were collected to refine the spatial understanding of product type distribution.  
The eight LNAPL characterization samples were collected from the following areas: 


Northwest (Zone 8) EPZ-12 


North Central (Zone 5) RWEC-08 


Western (Zone 5) EPZ-09 


West Central (Zone 6) EMU-20T 


East Central (Zone 3) OW-U49 


East Southern (Zone 4) LPZ-05 


Southern West (Zone 9) EMW-U24T 


Southern Central (Zone 9) EMW-U25T 
 
LNAPL samples were collected from selected wells that contained a sufficient volume of 
LNAPL in accordance with the FI/CMS SAP.  The samples were collected with a disposable 
bailer; no purging of the well was performed prior to collecting the LNAPL. 
 
Samples were analyzed for the following: 


• Density (American Society for Testing and Materials [ASTM] D-4052); 


• Kinematic viscosity (ASTM D-445); 


• Interfacial tension (ASTM D-971); 


• Paraffins, isoparaffins, aromatics, napthalenes, and olefins (PIANO) by Gas 
Chromatography (GC) (ASTM D-6733); 


• Surface tension (ASTM D-971M); and 


• Boiling point (ASTM D-3710-95). 
 
Sample locations and a summary of results are shown on Figure 2-10.  Laboratory reports for the 
free product samples are included as Appendix A.  Figure 2-10 also depicts results from six 
product type samples previously collected.  The six wells where LNAPL characterization 
samples were previously collected were in the following areas: 


North (Zone 1) EPZ-03, P-08 
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Northwest (Zone 8) EPZ-06, R-4 Seep, Collection Trench Sumps, Bluff Well#1 
(EW-1) 


 
Table 2-5 summarizes which samples were used to classify each zone. 
 
The product sample analyses indicate that there are at least three distinct product types.  One 
product type consists of almost pure benzene (carbon range C6), located in the eastern portion of 
the Facility.  This eastern lobe of LNAPL extends from the southern boundary north toward the 
CCIH Ship Channel before turning west (LNAPL Product Zones 2, 3, and 4).  
 
The second product type appears to contain primarily alkanes with a carbon range of C6 to C19.  
This second product type also contains pristane and phytane.  These results indicate that this 
product contains diesel range organics (DRO).  The second product type is found in the very 
northern (by the sump and R4 seep areas in Zone 8) and very southern part of the plume (Zone 
9).  The third product type appears to be a mixture of the first and second product types.  This 
product type is found on the western and northern part of the plumes.   
 
An indication of product type can also be ascertained from a previous rapid optical screening 
tool (ROST) study performed in 2006 (presented in the Capstone Report in Appendix A of IM 
Work Plan, Rev. 2 [January 2009]).  Figure 2-11 shows the maximum fluorescence observed 
from ROST pushes that were advanced with the CPT.  Note that the ROST responses are 
relatively low over the portion of the LNAPL plume that consists mostly of benzene.  Benzene 
product did not fluoresce in the petrophysical soil cores collected from the same area 
(Appendix B).  Fluorescence was much higher along the western portion of the study area, 
consistent with the presence of longer chain hydrocarbons that would respond to the ROST.  
LNAPL in petrophysical cores from these areas exhibited very good fluorescence. 
 
The thickness of the smear zone was also evaluated with the ROST study (Figure 2-12).  The 
thickest smear zones are present in Zones 5, 8, and 9.  Since the smear zone thicknesses were 
evaluated based on the ROST responses, the benzene LNAPL smear zone thickness using such a 
tool will be underestimated.  It is possible that the thickest smear zones are associated with 
pipeline releases, as each of the thickest smear zones are directly underneath the pipelines that 
lead to the docks. 
 
Details of the results from chemical and physical analyses performed on the product samples are 
described in the following sections. 


2.3.4.1 Chemical Analyses of Product 
Product samples were collected from 15 locations and analyzed for PIANO content.  The data 
from these analyses are presented in Table 2-6.  Based on the analytical results, the product types 
were classified into three distinct groups:  predominantly benzene, predominately DRO, and a 
mixture of benzene and DRO.  A discussion of these three product groups is given below. 
 
The predominately benzene product samples collected from wells OW-U49, LPZ-05, and 
RWEC-08 contained the highest amount of aromatics by weight, ranging from 94.4 percent (%) 
to 98.2%.  The aromatic content of these samples consisted of 92.4% to 96.0% by weight of 
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benzene.  Pristane, an indicator of DRO, was measured below 0.006% by weight in all three 
product samples.  Phytane, another indicator of DRO, was not detected in any of the product 
samples from these three wells.  The major carbon chain length for all three samples was six 
(C6).   
 
The predominately DRO product samples collected from the R4 seep, the sump and wells EMW-
U24T, EMW-U25T, and EPZ-06 contained the lowest amount of aromatics.  These samples had 
between 0.5% and 38.2% by weight aromatics.  The benzene content in all of these samples was 
below 1.4%.  The product samples from the R4 seep and the sump areas contained primarily 
paraffins, which are straight-chain alkanes.  The product samples from the wells EMW-U24T, 
EMW-U25T, and EPZ-06 contained primarily isoparaffins, which are branch-chain alkanes.  
Pristane and phytane were detected in these samples.  The pristane content was between 0.3% 
and 11.9% by weight.  The phytane content was between 0.1% and 3.8% by weight.  The major 
carbon chain lengths in these samples varied, but were generally in the C6 to C19 range.  These 
results are shown in relation to the plume map on Figure 2-10. 
 
The mixed benzene and DRO product samples collected from wells P-08, EPZ-03, EPZ-09, 
EPZ-12, Bluff Well 1, and EMW-U20T contained primarily aromatics (48.1% to 82.4% by 
weight).  The benzene content of these samples was between 39.5% and 77.8% by weight.  
These samples also contained varying amounts of paraffins, isoparaffins, napthenics and olefins.  
Pristane and phytane were detected in these samples; however, the content was below 1% by 
weight in all samples.  The major carbon chain lengths in these samples varied, but were 
generally in the C6 to C11 range. 


2.3.4.2 Physical Analyses of Product 
Product samples were collected from 15 wells and analyzed for specific gravity, American 
Petroleum Institute (API) gravity, kinematic viscosity, surface tension, and interfacial tension.  
The data from these analyses are also presented in Table 2-6.  A discussion on these data is 
presented below.  The discussion is broken into three parts based on the product groupings 
previously described in Section 2.3.4.1. 
 
The predominantly benzene samples had an average specific gravity of 0.8792 and an average 
API gravity of 29.45 API gravity degrees (◦API).  The kinematic viscosity for all the product 
samples from these wells was 0.58 centistokes (cSt).  The average surface tension and interfacial 
tension for the product samples were 28.6 Dyne per centimeter (Dyne/cm) and 26.8 Dyne/cm, 
respectively.  The products from the three wells were pale straw to straw in color. 
 
The predominately DRO samples had an average specific gravity of 0.8643 and an average API 
gravity of 32.60 ◦API.  The kinematic viscosity for these product samples ranged widely, from 
1.0 to 9.2 cSt.  The average surface tension and interfacial tension for the product samples were 
29.0 Dyne/cm and 23.9 Dyne/cm, respectively.  The product samples from these locations were 
very dark in color. 
 
The mixed benzene and DRO samples had an average specific gravity of 0.8519 and an average 
API gravity of 34.54 ◦API.  The kinematic viscosity for these product samples were taken at 
different temperatures, so it is difficult to compare them.  For the samples taken at 78 degrees 
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Fahrenheit (◦F), the average kinematic viscosity was 0.49 cSt.  For the samples taken at 104◦F, 
the average kinematic viscosity was 0.75 cSt.  The average surface tension and interfacial tension 
for the product samples were 28.8 Dyne/cm and 23.7 Dyne/cm, respectively.  The product 
samples from these locations were dark straw to very dark in color. 


2.3.5 Soil Parameters 
During the FI, six petrophysical boreholes (PSS-01 through PSS-06) were advanced through the 
hydraulic surface across the Facility where various product types are present.  Samples were 
collected using split spoons with an acetate liner in 2 foot intervals, spanning from above the top 
of fluid to below the potentiometric surface.  Borehole locations were selected based on the 
following criteria: 


• From various locations across the site;  


• From various anticipated soil types; 


• Within the product plume; 


• From various product types; and 


• Adjacent to an adequately logged borehole. 
 
The locations of the current and historical petrophysical boreholes are shown on Figure 2-13.  
For the current samples, the corresponding monitoring well or piezometer, sample intervals, and 
photoionization detector (PID) readings for each location are listed in Table 2-7.  Photographs of 
the sample cores are presented in Appendix B.  
 
After removal from the boreholes, the acetate liners were sealed and the petrophysical cores were 
placed on dry ice for shipment to PTS Laboratories.  The PTS Laboratory results are presented in 
the appendices as follows: 


Appendix A Laboratory Reports for Free Product Samples 


Appendix C Grain Size Analyses 


Appendix D Capillary Pressure Curves 


Appendix E Initial and Residual Saturations 
 
The following sections summarize the findings from the analysis of the petrophysical samples.  


2.3.5.1 Grain Size Variation, Hydraulic Conductivity, and Porosity 
According to the grain size analysis of the petrophysical samples (Table 2-8), a majority of the 
samples contained primarily fine sand with an average grain size of 0.242 millimeter (mm).  Two 
samples from PSS-06 (depths of 18.8 and 20.1 feet below ground surface [ft bgs]) contained fine 
sand, but the other four samples had significantly smaller grain sizes more representative of silt 
(0.015 mm to 0.053 mm).  Samples from PSS-01 (depths 20.9 to 22.4 ft bgs) also contained silt 
and had much smaller grain sizes (0.006 mm to 0.022 mm).  The grain size results are similar to 
the lithlogies provided in the respective well logs for each location.   
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The grain size data were verified by the hydraulic conductivity results.  The average hydraulic 
conductivity in the sand was 2.09E-03 centimeters per second (cm/s).  This value was much 
greater than the hydraulic conductivities seen in the silt samples from PSS-01 and PSS-06, which 
had results on the order of magnitude of 1E-07. 
 
The samples were also analyzed for porosity and the results are presented in Table 2-8.  The 
average porosity of the petrophysical samples in sand was 42.1% (by volume).  No porosity 
results significantly deviated from this average. 


2.3.5.2 Permeability 
An analysis of the specific permeabilities to air and to water was performed on the six 
petrophysical samples (PSS-01 through PSS-06) at various depths.  The results of this analysis 
are presented in Table 2-8.  The specific permeabilities to air in sand ranged from 
2,621 milliDarcy (mD) to 7,779 mD, while the specific permeabilities to water in sand ranged 
from 0.76 mD to 4,163 mD.  The average specific permeabilities to air and water in sand were 
5,815 mD and 2,177 mD, respectively.   


2.3.5.3 Pore Fluid Saturation 
An analysis of the pore fluid saturations was performed on the six petrophysical samples 
(PSS-01 through PSS-06) at various depths.  The results of this analysis are presented in 
Table 2-8.  The initial water saturation in sand varied from 16.7% to 79.0% with a majority of 
the values falling between 59% and 79%.  The average initial water saturation in sand was 
calculated to be 56.6%.  The initial LNAPL saturation in sand varied from 1.3% to 16.5% with 
the values relatively spread out within this interval.  The average initial LNAPL saturation in 
sand was calculated to be 8.7%.   
 
After measuring the initial saturations, the samples were placed in a centrifuge and spun at a 
thousand times the gravitational constant.  The spinning motion caused liquid to be removed 
from the sample.  The laboratory’s observations about the liquid removed from the samples are 
provided in Appendix E.  Once the samples were spun, the water and LNAPL saturations were 
measured again.  The final water saturation in sand varied from 9.4% to 38.7% with a majority of 
the values falling between 9% and 21%.  The average final water saturation in sand was 
calculated to be 19.0%.  The average water recovery in sand was determined to be 63.3%. 
 
The final LNAPL saturation in sand varied from 1.3% to 9.6% with the values relatively spread 
out within this interval.  The average final LNAPL saturation in sand was calculated to be 5.7%.  
The average LNAPL recovery in sand was determined to be 26.3%.  It should be noted that zero 
LNAPL recovery was observed in three sand samples. 


2.3.5.4 Capillary Pressure and van Genuchten Parameters 
In a multiphase system, a fundamental correlation between the wetting and the non-wetting 
phase saturation and the capillary pressure exists.  The van Genuchten equation provides a 
functional correlation between capillary pressure and saturation with the following equation:  


Sr + [(Ss – Sr) / (1+(α * h )n)m], 
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where alpha, n, and residual saturation are capillary parameters defined by the equation, while 
m = 1 – 1/n, S = water saturation, and h = capillary head (cm).  To determine the parameters, 
capillary pressure curves were created based on experimental data obtained from the six 
petrophysical samples (PSS-01 through PSS-06) at various depths. 
 
Graphs of the capillary pressure curves are presented in Appendix D, while the van Genuchten 
parameters are presented in Table 2-8. 


2.3.5.5 Summary of Soil Parameter Results 
Overall, the results from the petrophysical samples indicate that, for most Zones, primarily fine 
sand exists in the LNAPL smear zone.  The petrophysical sample borehole intervals targeted the 
smear zone; the sample intervals for all boreholes ranged from 18.4 to 22.4 ft bgs.  Table 2-5 
lists the samples that were used to classify each zone.  The results for Zone 8 and Zone 9 indicate 
that silt is present in the lower portion of the LNAPL smear zone.  For these samples, results 
indicated a lower hydraulic conductivity, a lower percentage of water recovery, and lower 
specific permeabilities to air and water than in the typical fine sands. 
 
The current petrophysical sample results were compared against historical petrophysical sample 
results obtained from other locations on the Elementis site to determine if the measured 
properties were consistent.  Table 2-9 presents a comparison of the current and historical results.  
The current and historical samples were observed to be similar with a majority of the samples 
being characterized as fine sand.  In general, there were no significant deviations between the 
current and historical data, except for the van Genuchten parameters for GOW-1.  These values 
were determined by applying the program SOILPROP to the particle-size analysis for sample 
GOW-1.  The resulting values did not fall within the range established by the current 
petrophysical samples nor the Weston samples.  Therefore, they were not used in the LNAPL 
volume estimate by zone, which is discussed in Section 2.4.2. 


2.4 LNAPL Volume Estimates 
A rough estimation of the volume of free product present in the subsurface was performed using 
a model that is based on the van Genuchten representation for soil retention capability of fluids 
(API Publication Number 4729, August 2003).  Soil parameters were ascertained and input to the 
model to relate an LNAPL "specific volume" to the apparent thickness as measured in 
monitoring wells.  For this estimate, the LNAPL specific volume was used to generate two 
estimates.  The first estimate was performed for the entire Facility LNAPL area, based on 
occurrence in fine sand and a single LNAPL type.  The second estimate was zone-specific, using 
various soil and LNAPL input parameters to generate a volume estimate for each zone.  When 
these two methods of estimation are compared, the first estimate exceeds the summation of zone-
specific estimates.  The following subsections present the two estimates. 


2.4.1 Sitewide LNAPL Volume Estimate 
The results from the LNAPL physical properties data and soil parameters investigations 
(presented in Tables 2-6 and 2-8) were used as input parameters for an API-developed model. 
 
Contours of apparent LNAPL thickness as measured in monitoring wells from the September 
2009 monitoring well gauging event (Figure 2-3) were used as the basis for evaluating the 
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volume of LNAPL in the 1st WBZ.  It should be noted that each LNAPL gauging event will 
produce slightly different LNAPL volume estimates, as these estimates are affected by thickness 
fluctuations and the physical footprint of the contours.  Gauging events, over time, will yield a 
range of LNAPL volume estimates. 
 
API Publication 4729 provides a procedure to estimate the relationship between the monitoring 
well LNAPL thickness and the specific free-product volume (volume of LNAPL per unit surface 
area).  This relationship is estimated in an Excel spreadsheet provided by API using the 
parameters listed in Table 2-10.  The soil parameters for fine sand were used since a majority of 
the current and historical data indicates the presence on fine sand in the LNAPL smear zone. 
 
The spreadsheet (vG-B-p.xls) uses the van Genuchten model to calculate the LNAPL saturation 
distribution in the subsurface.  The API publication provides the theoretical background and 
derived equations that are used in the spreadsheet evaluation.  Exhibit 2-1 illustrates a portion of 
the input and output from the API spreadsheet that estimates the thickness of the LNAPL in the 
formation (Do) from the monitoring well measurements (bo) using the API spreadsheet.  
 
Using this information, the values in Table 2-11 were generated for each contour interval and 
then summed to estimate the total LNAPL in the plume defined by the gauging of monitoring 
wells.  The total LNAPL volume was estimated by this method to be approximately 
885,000 gallons. 


2.4.2 LNAPL Volume Estimate by Zone 
In addition to the LNAPL volume estimate performed for the entire site, a Zone-specific LNAPL 
volume estimate was also performed.  The nine LNAPL Zones are discussed in Section 2.3.2 and 
depicted on Figure 2-5.  The Zone-specific LNAPL estimation allows for variation in both 
physical product characteristics and soil type.  While the sitewide estimation used sitewide 
averages, the Zone-specific evaluation uses different combinations of LNAPL and soil 
parameters for each zone.  As such, the sum of the Zone-specific estimates will not add up to the 
estimate for the entire site. 
 
Samples were collected and analyzed for LNAPL characterization and petrophysical parameters 
in all Zones except for Zones 3 and 7.  For Zone 3, a sample had been collected and analyzed for 
LNAPL characterization, but not for petrophysical parameters.  Neither LNAPL characterization 
nor petrophysical parameters were collected in Zone 7. 
 
Based on the soil type at the hydraulic surface, it was assumed that the LNAPL characterization 
and petrophysical parameters for Zones 3 and 7 would be similar to Zone 4.  The parameters for 
Zone 4 were used in the volume estimates for Zones 3 and 7. 
 
Table 2-5 lists the sample locations associated with each Zone; Table 2-12 lists the results from 
the LNAPL and soil parameters investigations that were used as input parameters for the 
API-developed model.  The spreadsheet (vG-B-p.xls) was used as discussed in Section 2.4 to 
calculate the LNAPL saturation distribution in the subsurface for each zone.  Exhibits 2-2 
through 2-9 illustrate portions of the input and output from the API spreadsheet that estimate the 
thickness of the LNAPL in the formation (Do) from the monitoring well measurements (bo) for 
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each zone.  Using this information, the values in Tables 2-13 through 2-21 were generated for 
each zone and then summed (Table 2-22) to estimate the total LNAPL in the plume defined by 
the gauging of monitoring wells.  The total LNAPL volume present in the subsurface was 
estimated by this method to be 750,000 gallons.  


2.4.3 Volume Estimate Summary 
It should be noted that an estimation of product volume can vary significantly depending on the 
method of estimation.  This estimate was prepared with one of several methods that could be 
used.  The API spreadsheet ultimately converts an apparent product thickness as measured in 
monitoring wells to a specific volume in the soil.  This likely results in an estimate that is higher 
than the actual product volume that lies under the Facility.  The estimation is also sensitive to the 
manner by which areas of specific LNAPL thicknesses are generated.  For this analysis, the 
midpoint of the contours were used as the basis, and then the area of the contour interval was 
used for the area at that midpoint.  For example, the area of between the 1- and 2-foot apparent 
thickness contours was ascertained using the September 2009 LNAPL contours.  The apparent 
thickness used for that area was 1.5 feet.  In the model, the apparent thickness is converted from 
a height in the well to a smaller height in the formation (i.e., specific volume in feet) and then 
into estimated volumes of total LNAPL in the formation. 
 
Typically, product volume estimates have broad ranges, and also specify the recoverable fraction 
of product.  Actual volumes could be an order of magnitude higher or lower, ranging from 
75,000 to 7,500,000 gallons in the subsurface.   
 
A very basic estimation of recoverable product was calculated based on the model results and is 
provided in Table 2-11.  Commonly, recoverable product is discussed in terms of hydraulic 
manipulation.  Using SVE as the primary recovery technique depends on phase transfer to 
remove LNAPL. 
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Table 2-1.  LNAPL Zones and Sub Areas 
 


LNAPL Zone Sub Area Description 
1 - IM Area Mixed Plume LNAPL from a combination of product types 


(benzene and diesel) and commingling of LNAPL 
plumes. 


2 - North Benzene Plume 
3 - Mid Benzene Plume 
4 - South Benzene Plume 


Benzene Plume – Eastern 
Lobe 


Virtually pure aromatic (benzene) product that 
appears to have originated from Hess, located 
south of the eastern portion of Elementis’ 
southern boundary.  It is currently unknown 
whether continuing releases exist. 


5 - West Area, Valero 
6 - Mid Area, Valero 
7 - U16-T Lobe 


Former Coastal (Valero) 
Releases 


(Mixed Plume) 


Combination of aromatics and isoparrafins with 
moderately high benzene content.  It is currently 
unknown whether continuing releases exist. 


8 - Pipeline Leak, Docks 
9 - South Pipeline Leak 


Pipeline Releases 
(Diesel Plume) 


Various combinations of aromatics, parrafins, 
isoparrafins within the diesel range and with very 
low benzene content.  Continuing releases 
potentially exist. 


 
Hess - Former Hess Terminal and Oak Park Triangle. 
IM - Interim measures. 
LNAPL - Light non-aqueous phase liquid.
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Table 2-2.  Potentiometric Data over Time for Facility Wells that were Monitored during Semiannual Events 


 
Well Jan-04 Apr-04 Aug-04 Nov-04 Jan-05 Apr-05 Aug-05 Nov-05 Apr-06 Oct-06 Jan-07 Apr-07 Oct-07 Apr-08 Oct-08 Apr-09 Aug-09 Sep-09 Oct-09 


OW-U26    5.24    4.99    6.58    6.95 6.71 6.71 6.85 
OW-U28    17.99    18.07    5.86  6.02  5.89 5.68 5.65 5.7 
OW-U38 4.4 5.24 4.3 4.08 3.9 5.15 3.64 4.11 3.39 4.34 4.67 4.19 4.38 4.08 4.19 3.79 3.08 2.92 3.23 
OW-U41  7.73  7.75  7.61  7.15 6.92 6.96 7.21 7.09 7.66 7.54 7.63 7.3  6.94 6.91 
OW-U42    7.42    6.75 6.25 6.31 6.65 6.83 7.52 7.14 7.45 6.76 6.48 6.48 6.65 
OW-U43    6.55    6.01 4.68 5.91 6.1 6.23 6.88 6.52 6.91 6.17 5.86 5.83 5.97 
OW-U44    3.28*    3.13*    5.34  5.63 5.4 5.66 5.16 5.08 5.19 
OW-U48    6.49    6.12    6.63  3.39*  6.034 6.18 6.1 6.16 
 
* Result considered erroneous. 
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Table 2-3.  Soil Model Groups 
 


Description Numeric Code Group 
Clayey gravel 24 
Gravel 23 
Gravelly sand 25 
Gravelly sand to sand 10 
Poorly graded sand 107 
Sand 9 
Sand 26 
Sand to silty sand 8 
Sands 113 
Well-graded sand 108 


High Permeability 


Clayey sand 28 
Clayey sand 105 
Clayey sandy silt and silt 111 
Fill 22 
Sand to clayey sand (over consolidated) 12 
Silt 29 
Silt 104 
Silty sand 27 
Silty sand 112 
Silty sand to sandy silt 7 


Moderate Grain Sizes 


Clay 3 
Clay 33 
Clayey silt 30 
Clayey silt to silty clay 5 
Clayey silt and silty clays 110 
Clays 109 
Fat clay 102 
Lean clay 103 
Sandy clay 31 
Sandy silt to clayey silt 6 
Silty clay 32 
Silty clay to clay 4 
Very stiff fine-grained (over consolidated) 11 


Low Permeability 


Asphalt 20 
Concrete 21 
No recovery 0 
No recovery 34 
Organic material 2 
Sensitive fine-grained 1 


Other 
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Table 2-4.  Light-End Hydrocarbon Analyses Performed by Coastal Corporation in 
1999 


 


Well ID 
Percent Light-End


Hydrocarbon Specific Gravity API Gravity 
OW-U31 95 0.8748 30.3 


OW-U30 95 0.8836 28.6 


OW-U32 93 0.8828 28.8 


OW-U27 70 0.8327 38.4 


OW-U44 65 0.8661 31.9 


OW-U33 30 0.7854 48.7 


OW-U25 28 0.7825 49.3 


CS-08a 80 0.8642 32.2 


CS-19 80 0.8289 39.2 


CS-21 80 0.789 47.8 


CS-21 40 0.7761 50.8 


CS-23 35 0.7763 50.8 


RW-18 30 0.7828 49.3 


CS-09 28 0.808 43.6 


NO-08 25 0.8041 44.5 


NO-01 25 0.8034 44.6 


NO-02 25 0.786 48.5 


CS-03 25 0.769 52.5 


RW-22 25 0.7991 45.6 


NO-04 23 0.7926 47.0 


CS-22 20 0.8162 41.9 


RW-17 20 0.7851 48.7 


CS-28a 20 0.7829 49.2 


DW-34 20 0.7945 46.6 


 
API - American Petroleum Institute. 
ID - Identification. 
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Table 2-5.  List of Samples Used to Classify Each Zone 
 


Parameter Entire Site Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 
LNAPL 
Characterization 


OW-U49, 
LPZ-05, 


RWEC-08, 
R4 Seep, Sump, 


EMW-U24T, 
EMW-U25T, 
EPZ-06, P-08, 


EPZ-03, EPZ-09, 
EPZ-12, 


Bluff Well #1, 
EMW-U20T 


P-08, EPZ-03 No wells 
present, used 
nearby wells 
(OW-U49, 
RWEC-08) 


OW-U49 LPZ-05 RWEC-08, 
EPZ-09 


EMW-U20T No wells 
present, used 
Zone 5 wells 
(RWEC-08, 


EPZ-09) 


R4 Seep, 
Sump, 
EPZ06, 
EPZ-12, 


Bluff 
Well #1 
(EW-1) 


EMW-U24T, 
EMW-U25T 


Soil 
Characterization 


PSS-01 through 
PSS-06 


DG-PET-02, 
GOW-01 


PSS-04 No 
samples 


collected, 
used 


nearby 
PSS-02 


PSS-02 PSS-05 PSS-03 No samples 
collected, 


used PSS-02 


PSS-06 PSS-01 


 
LNAPL - Light non-aqueous phase liquid. 
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Table 2-6.  Free Product Characteristics 
 


   Product Sample Location 
 


Parameter Units OW-U49 LPZ-05 RWEC-08 R4 Seep 
Sump 


(Average) EMW-U24T EMW-U25T EPZ-06 
Next to 


P-08 
Next to 
EPZ-03 EPZ-09 EPZ-12 


Bluff  
Well#1 EMW-U20T 


Paraffins wt% 0.4% 0.6% 0.2% 81.7% 79.1% 16.5% 10.8% 3.2% 4.0% 1.5% 3.8% 20.2% 13.7% 2.9% 
Isoparaffins wt% 0.9% 2.5% 0.8% 0.1% 2.4% 34.8% 44.6% 82.9% 17.5% 8.1% 20.7% 13.8% 5.9% 16.3% 
Aromatics wt% 98.2% 94.4% 97.0% 0.5% 6.5% 38.2% 24.8% 11.9% 65.5% 82.4% 69.5% 48.1% 75.4% 74.2% 
Napthenics wt% 0.5% 2.4% 2.0% ND 2.1% 9.3% 18.2% 1.8% 12.8% 6.3% 5.7% 6.2% 2.6% 5.8% 
Olefins wt% 0.0% 0.1% 0.0% ND 5.3% 1.2% 1.6% 0.2% 0.2% 0.1% 0.3% 11.1% 0.8% 0.7% 
                
Benzene wt% 96.0% 92.4% 96.0% ND 0.1% 1.1% 0.5% 1.4% 55.1% 77.8% 56.6% 39.5% 71.4% 65.3% 
Pristane wt% ND 0.0% 0.0% 11.9% 1.2% 0.3% 0.5% 3.2% NA NA 0.1% 0.5% 0.9% 0.1% 
Phytane wt% ND ND ND 3.8% 0.5% 0.1% 0.2% 0.7% NA NA 0.0% 0.1% 0.7% 0.0% 
Carbon range -- C4-C15 C1-C20 C4-C20 C10-


C26+ 
C6-C26+ C1-C29 C4-C30+ C6-C27 C4-C12 C4-C12 C5-C24 C1-C24 C4-C24 C1-C25 


C
he


m
ic


al
 A


na
ly


se
s 


Major range -- C6 C6 C6 C14-C19 C7-C19 C6-C12 C6-C12 C10-C18 C6-C11 C6-C11 C6-C10 C6-C10 C6 C6-C9 
                 


Specific gravity at 
60˚F 


-- 0.8776 0.8770 0.8829 NA 0.9075 0.812 0.836 0.9015 0.8431 0.8594 0.8571 0.845 0.8605 0.8463 


API gravity at 60˚F ˚API 29.73 29.85 28.77 NA 24.42 42.76 37.74 25.46 NA NA 33.58 35.94 32.94 35.69 
Kinematic Viscosity  
at 104˚F 


cSt 0.58 0.58 0.58 NA NA 1.00 1.88 9.20 0.51* 0.47* 0.90 NA NA 0.60 


Surface tension at 
80˚F 


Dyne/cm 30.8 27.5 27.5 NA NA 27.6 28.5 30.8 29 30 29.0 NA NA 27.0 


Interfacial Tension 
at 80˚F 


Dyne/cm 27.6 NA 26.0 NA NA 21.4 23.6 26.7 21 22 27.2 NA NA 24.6 


                


Ph
ys


ic
al


 A
na


ly
se


s 


Color of extract  Straw Straw Pale Straw Very dark Very dark Very dark Very dark Very 
dark 


NA NA Very 
dark 


Very 
dark 


Very 
dark 


Dark straw 


 
* - Viscosity was measured at 78 degrees Fahrenheit (˚F). 
wt% - Percent by weight. 
˚API - American Petroleum Institute gravity degrees. 
cSt - Centistoke. 
Dyne/cm - Dyne per centimeter. 
NA - Not analyzed. 
ND - Nondetectable. 
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Table 2-7.  Sample Intervals and PID Readings for Petrophysical Samples 
 


Sample ID 


Corresponding 
Monitoring Well or 


Piezometer 
Sample Intervals 


(ft bgs) 
PID Readings 


(ppm) 
18-20 1,027 
20-22 NA 


PSS-01 EMW-U24T 


22-24 NA 
18-20 811 
20-22 310 


PSS-02 LPZ-10 


22-24 40 
18-20 4,200 
20-22 2,000 - visible LNAPL 


PSS-03 EMW-U20T 


22-24 0 
16-18 NA 
18-20 888 


PSS-04 LPZ-27 


20-22 120 
18-20 10,800 
20-22 NA 


PSS-05 OW-U44 


22-24 NA 
18-20 NA 
20-22 NA 


PSS-06 EPZ-12 


22-24 NA 
 
ID - Identification. 
ft bgs - Feet below ground surface. 
LNAPL - Light non-aqueous phase liquid. 
NA - Not available, as the sample was collected adjacent to an older borehole location where PID readings were not available. 
PID - Photoionization detector. 
ppm - Parts per million. 
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Table 2-8.  Petrophysical Sample Results 
 


Grain Size Analysis Pore Saturation Analysis Capillary Pressure Analysis 
Pore Fluid Saturations 


(%Pv) 
Initial Final van Genuchten Parameters 


Sample ID 
Depth 


(ft) Boring Log Lithology 


Mean 
Grain 
Size 


Description 


Median 
Grain 
Size 
(mm) 


Total 
Porosity 


(%Vb) 


Porosity 
Air Filled 


(%Vb) 


Hydraulic 
Conductivity 


(cm/s) 


Moisture 
Content 


(% weight) 
Water 
(Swi) 


LNAPL 
(Soi) 


Water 
(Swr) 


LNAPL 
(Sor) 


Total 
Initial 


Saturation 


Water 
Recovery 


(%) 


LNAPL 
Recovery 


(%) 
alpha 
(1/cm) n 


Residual 
Water 


Total 
Water m 


Specific 
Permeability 


to Water 
(mD) 


Specific 
Permeability 


to Air 
(mD) R2 


18.4 No Data Fine Sand 0.195 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
18.9 No Data Fine Sand 0.208 42.6 28.8 6.72E-04 9.1 -- -- -- -- 32.4 -- -- 9.69E-03 2.374 0.133 1.016 0.579 685 5286 0.99618 
19.1 No Data Fine Sand 0.209 38.3 -- -- -- 32.6 13.1 16.5 9.0 45.7 49.4 31.3 -- -- -- -- -- -- -- -- 


20.4 
Silty Clay with very Fine 


Sand 
Fine Sand 


0.318 41.6 6.9 7.54E-07 22.5 -- -- -- -- 83.4 -- -- 2.37E-03 1.565 0.800 1.001 0.361 0.76 3429 0.99751 


20.9 
Silty Clay with very Fine 


Sand 
Fine Sand 


0.022 35.3 -- -- -- 72.3 2.2 69.4 2.2 74.5 4.0 0.0 -- -- -- -- -- -- -- -- 


21.15 
Silty Clay with very Fine 


Sand Silt 0.008 38.4 8.4 8.53E-07 18.5 -- -- -- -- 78.0 -- -- 5.17E-03 1.511 0.703 1.004 0.338 0.87 1620 0.99635 


21.3 
Silty Clay with very Fine 


Sand Silt 0.006 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 


PSS-01 


22.4 No Data Silt 0.008 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
18.6 Fine Sand Fine Sand 0.196 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
19.0 Fine to Medium Sand -- -- 43.9 11.0 3.57E-03 22.2 -- -- -- -- 74.9 -- -- 9.70E-03 3.200 0.050 1.016 0.688 3736 6681 0.99610 
19.4 Fine to Medium Sand Fine Sand 0.201 42.3 -- -- -- 76.4 7.7 11.4 5.2 84.1 85.1 32.5 -- -- -- -- -- -- -- -- 
20.1 Fine to Medium Sand Fine Sand 0.246 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
20.6 Fine to Medium Sand Fine Sand 0.284 44.7 -- -- -- 72.7 8.2 21.0 5.9 80.9 71.1 28.0 -- -- -- -- -- -- -- -- 
21.0 Fine to Medium Sand Fine Sand 0.249 40.6 11.0 1.05E-03 18.8 -- -- -- -- 72.9 -- -- 1.14E-02 1.950 0.189 1.027 0.487 1061 5117 0.99109 


PSS-02 


22.1 Fine to Medium Sand Fine Sand 0.267 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
19.0 No Data Fine Sand 0.141 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
19.1 No Data -- -- 47 -- -- -- 16.7 1.3 9.7 1.3 18.0 41.9 0.0 -- -- -- -- -- -- -- -- 
19.5 No Data Fine Sand 0.154 46.3 36.7 3.34E-03 6.6 -- -- -- -- 20.8 -- -- 9.21E-03 2.484 0.085 1.006 0.700 3437 6303 0.99891 
20.3 Fine Sand, Trace of Clay Fine Sand 0.224 45.2 12.0 2.16E-03 22.8 -- -- -- -- 73.4 -- -- 1.24E-02 2.600 0.115 1.026 0.615 2211 6951 0.99119 
20.7 Fine Sand, Trace of Clay Fine Sand 0.220 41.3 -- -- -- 63.3 13.7 19.7 9.6 77.0 68.9 29.9 -- -- -- -- -- -- -- -- 


PSS-03 


21.15 Fine Sand, Trace of Clay Fine Sand 0.194 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
18.5 Fine Sand with trace silt Fine Sand 0.236 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
19.2 Fine Sand with trace silt -- -- 40.5 -- -- -- 59.3 16.5 14.5 5.8 75.8 75.5 64.8 -- -- -- -- -- -- -- -- 
19.3 Fine Sand with trace silt Fine Sand 0.285 37.1 9.1 1.01E-03 17.3 -- -- -- -- 75.4 -- -- 1.06E-02 1.834 0.440 1.017 0.455 1049 5078 0.99004 
20.1 Fine Sand with trace silt Fine Sand 0.150 39.4 8.3 6.81E-05 19.9 -- -- -- -- 78.9 -- -- 7.12E-03 1.952 0.485 1.010 0.488 70.7 2621 0.99558 
20.5 Fine Sand with trace silt -- -- 38.8 -- -- -- 79.0 5.6 38.7 2.7 84.6 51.0 51.8 -- -- -- -- -- -- -- -- 
20.7 Fine Sand with trace silt Fine Sand 0.302 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
20.9 Fine Sand with trace silt -- -- 39.1 -- -- -- 78.1 6.9 38 6.9 85.0 51.3 0.0 -- -- -- -- -- -- -- -- 


PSS-04 


21.3 Fine Sand with trace silt Fine Sand 0.368 40.9 9.1 3.28E-03 20.6 -- -- -- -- 77.8 -- -- 1.78E-02 2.250 0.160 1.031 0.566 3389 7779 0.99056 
18.9 Sand Fine Sand 0.293 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
19.1 Sand -- -- 42.7 -- -- -- 22.8 2.7 10.6 2.7 25.5 53.5 0.0 -- -- -- -- -- -- -- -- 
19.3 Sand Fine Sand 0.327 45.1 23.7 3.96E-03 15.1 -- -- -- -- 47.3 -- -- 1.97E-02 2.500 0.090 1.032 0.700 4163 7622 0.99149 
20.1 Sand Fine Sand 0.231 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
20.5 Sand -- -- 44.3 -- -- -- 65.0 10.8 9.4 8.1 75.8 85.5 25.0 -- -- -- -- -- -- -- -- 
20.7 Sand Fine Sand 0.235 43 10.9 2.90E-03 21.6 -- -- -- -- 74.5 -- -- 1.19E-02 3.000 0.050 1.017 0.667 3021 6569 0.99475 


PSS-05 


21.2 Sand Fine Sand 0.230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
18.8 Sand Fine Sand 0.288 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 


19.15 Sand Fine Sand 0.026 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
19.5 Sand Silt 0.015 42.2 9.0 1.15E-07 22.6 -- -- -- -- 78.6 -- -- 1.37E-03 2.289 0.882 1.001 0.563 0.12 427 0.99676 
20.1 Sand Fine Sand 0.271 42.3 29.2 3.12E-03 8.9 -- -- -- -- 31.0 -- -- 1.24E-02 1.950 0.155 1.036 0.700 3296 6374 0.98662 
20.5 Sand Fine Sand 0.053 38.2 -- -- -- 77.7 15.3 68.6 10.5 93.0 11.7 31.4 -- -- -- -- -- -- -- -- 


PSS-06 


20.8 Sand Fine Sand 0.028 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
                       


Average Values   


0.242 
for Sand 


0.191 
All 


42.14 
Sand 
41.58 
All 


16.39 
for Sand 


15.29 
All 


2.094E--03 
Sand 


1.795E-03 
All 


17.12 
for Sand 


17.61 
All 


56.59 
for Sand 


59.66 
All 


8.65 
for Sand 


8.67 
All 


18.95 
for Sand 


27.29 
All 


5.72 
for Sand 


5.83 
All 


63.41 
for Sand 


66.12 
All 


63.3 
for Sand 


54.09 
All 


26.34 
for Sand 


24.56 
All 


1.12E-02 
for Sand 
1.01E-02 


All 


2.305 
for Sand 


2.247 
All 


0.229 
for Sand 


0.310 
All 


1.020 
for Sand 


1.017 
All 


0.584 
for Sand 


0.565 
All 


2177 
for Sand 


1866 
All 


5815 
for Sand 


5133 
All  


 
 Fine sand designation. 
 Silt designation. 
% - Percent. 
%Pv - Percent pore volume. 
%Vb - Percent volume bulk. 
1/cm - One per centimeter. 


cm/s - Centimeter per second. 
ft - Feet. 
ID - Identification. 
LNAPL - Light non-aqueous phase liquid. 


m - van Genuchten parameter “m.” 
mD - MilliDarcy 
mm - Millimeter. 
n - van Genuchten parameter “n”. 


Soi - Initial oil saturation. 
Sor - Residual oil saturation. 
Swi - Initial water saturation. 
Swr - Residual water saturation. 
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Table 2-9.  Current and Historical Petrophysical Sample Results 
 


Grain Size Analysis Pore Saturation Analysis Capillary Pressure Analysis 
Pore Fluid Saturations 


(%Pv) 
Initial Final van Genuchten Parameters 


Sample ID 
Depth 


(ft) 


Mean 
Grain 
Size 


Description 


Median 
Grain 
Size 
(mm) 


Total 
Porosity 


(%Vb) 


Porosity 
Air 


Filled 
(%Vb) 


Hydraulic 
Conductivity 


(cm/s) 


Product 
Conductivity 


(cm/s) 


Moisture 
Content 


(% weight) 
Water 
(Swi) 


LNAPL 
(Soi) 


Water 
(Swr) 


LNAPL 
(Sor) 


Total 
Initial 


Saturation 


Water 
Recovery 


(%) 


LNAPL 
Recovery 


(%) 
alpha 
(1/cm) n 


Residual 
Water 


Total 
Water m 


Specific 
Permeability 


to Water 
(mD) 


Specific 
Permeability 


to Air 
(mD) 


Specific 
Permeability 


to LNAPL 
(mD) 


Average Value of 
Current Samples 
(PSS-01 to PSS-06) 


18.4-22.4 Fine Sand 0.242 
For Sand 


41.58 
All 


15.29 
All 


2.09E-03 
For Sand 


NM 17.61 
All 


56.59 
For Sand 


8.65 
For Sand 


18.95 
For Sand 


5.72 
For Sand 


66.12 
All 


63.33 
For Sand 


26.34 
For Sand 


1.12E-02 
For Sand 


2.31 
For Sand 


0.23 
For Sand 


1.02 
For Sand 


0.58 
For Sand 


2177 
For Sand 


5818 
For Sand 


NM 


Average Value of 
DG-PET-02 Samples 


20.2-23.6 Fine Sand 0.245 
For Fine Sand 


41.19 
All 


21.93 
All 


3.05E-03 
For Fine Sand 


2.47E-03 
All 


14.63 
All 


61.33 
For Fine Sand 


4.15 
For Fine Sand 


24.83 
For Fine Sand 


4.70 
For Fine Sand 


77.35 
For Fine Sand 


64.92 
For Fine Sand 


11.88 
For Fine Sand 


NM NM NM NM NM 3025.5 
For Fine Sand 


5676.5 
For Fine Sand 


5773.5 
All 


Results of RW-01 11-11.5 Fine Sand NM 42.2 
All 


8.6 
All 


NM NM 22 
All 


NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM 


Results of GOW-1 
and GOW-2 


21.5-22 Fine Sand/Clay 0.269 
For Fine Sand 


42.2 
All 


16.05 
All 


6.82E-04 
For Fine Sand 


NM NM 54.3 
For Fine Sand 


20.8 
For Fine Sand 


40.5 
For Fine Sand 


10.7 
For Fine Sand 


75.1 
For Fine Sand 


25.41 
For Fine Sand 


48.56 
For Fine Sand 


4.85E-02 5.23 0.16 NM NM NM NM NM 


Average Value of 
Weston Samples 


18-24 Silty Sand NM 44.39 
All 


NM 1.54E-01 
All 


NM 19.73 
All 


57.81 
All 


9.22 
All 


NM NM NM NM NM 1.60E-02 
All 


2.45 
All 


0.27 
All 


NM NM NM NM NM 


 
% - Percent. 
%Pv - Percent pore volume. 
%Vb - Percent volume bulk. 
1/cm - One per centimeter. 
cm/s - Centimeter per second. 


ft - Feet. 
ID - Identification. 
LNAPL - Non aqueous phase liquid. 
m - van Genuchten parameter “m.” 
mD - MilliDarcy 


mm - Millimeter. 
n - van Genuchten parameter “n”. 
NM - Not measured. 
Soi - Initial oil saturation. 
Sor - Residual oil saturation. 


Swi - Initial water saturation. 
Swr - Residual water saturation. 
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Table 2-10.  List of Parameters Used In Spreadsheet LNAPL 
(vG-B-p.xls) 


 


Parameter 
Best 


Estimate Basis for Estimate 
Porosity 42.1% Average of total porosity value (% Vb) from soil samples PSS-01 


to PSS-06 for fine sand. 
van Genutchen “n” 2.305 Average of n value from soil samples PSS-01 to PSS-06 for fine 


sand. 
van Genutchen “α” 0.341 Average of alpha value (1/ft) from soil samples PSS-01 to PSS-06 


for fine sand. 
Irreducible water saturation 
(Swr) 


0.19 Average of residual water value (Swr) from soil samples PSS-01 to 
PSS-06 for fine sand. 


Residual LNAPL saturation 
in saturated zone (Sors) 


0.057 Average of residual LNAPL value (Sor) from soil samples PSS-01 
to PSS-06 for fine sand. 


Residual LNAPL saturation 
in vadose zone (Sorv) 


0.087 Average of initial LNAPL value (Soi) from soil samples PSS-01 to 
PSS-06 for fine sand. 


LNAPL density 
 


0.862 gm/cc Average of LNAPL density (gm/cc) from LNAPL samples. 


LNAPL surface tension 28.8 dyne/cm Average of LNAPL surface tension (dyne/cm) from LNAPL 
samples. 


LNAPL interfacial tension 24.5 dyne/cm Average of LNAPL interfacial tension (dyne/cm) from LNAPL 
samples. 


Groundwater interfacial 
tension 


55 dyne/cm Engineering judgment 


 
%Vb - Percent volume bulk. 
dyne/cm - Dyne per centimeter. 
gm/cc - Gram per cubic centimeter. 
LNAPL - Light non-aqueous phase liquid. 
Soi - Initial oil saturation. 


Sor - Residual oil saturation. 
Sors - Residual LNAPL saturation in saturated zone. 
Sorv - Residual LNAPL saturation in vadose zone. 
Swi - Initial water saturation. 
Swr - Residual water saturation. 


 
 


Table 2-11.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for the Entire Elementis Site 


 
Soil Properties Based on  a Representative Sand 


Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Specific 
Volume 


(ft) 


Estimated 
Total 


LNAPL 
(ft3) 


Estimated 
Total 


LNAPL 
(gal) 


Estimated 
Recoverable 
LNAPL (gal) 


0-1 588,838 294,419 0.013 7,655 57,259 17,178 
1-2 504,753 757,129 0.038 19,181 143,471 43,041 
2-3 285,158 712,894 0.066 18,820 140,777 42,233 
3-4 236,107 826,375 0.123 29,041 217,228 65,169 
4-5 213,562 961,028 0.191 40,790 305,112 91,533 
>5 10,381 57,096 0.273 2,834 21,198 6,360 
Total Area – 1,838,799 Total 885,045 265,514 


 
Note: Refer to Exhibit 2-1 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
The area for each contour interval was obtained from Figure 2-3. 
Assumed 30% of total LNAPL is recoverable for the entire site. 
ft - Feet. 
ft2 - Square feet. 


ft3 - Cubic feet. 
gal - Gallon. 
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Table 2-12.  List of Parameters Used In Spreadsheet LNAPL 
(vG-B-p.xls) 


 
Parameter Entire Site Zone 1a Zone 2 Zone 3b Zone 4c Zone 5 Zone 6 Zone 7d Zone 8 Zone 9


Porosity  42.1% 41.3% 39.3% 42.9% 42.9% 43.8% 45.0% 42.9% 40.9% 39.2% 
van Genutchen “n” 2.305 2.01 2.01 2.58 2.58 2.75 2.54 2.58 2.12 1.82 
van Genutchen “α”  0.341 0.361 0.361 0.322 0.322 0.481 0.329 0.322 0.211 0.175 
Irreducible water saturation Swr 0.19 0.40 0.30 0.16 0.16 0.10 0.15 0.16 0.69 0.43 
Residual LNAPL saturation in saturated zone 
Sors 


0.057 0.053 0.051 0.056 0.056 0.054 0.055 0.056 0.105 0.056 


Residual LNAPL saturation in vadose zone 
Sorv 


0.087 0.059 0.097 0.080 0.080 0.068 0.075 0.080 0.153 0.077 


LNAPL density (gm/cc) 0.862 0.851 0.880 0.878 0.877 0.870 0.846 0.877 0.879 0.824 
LNAPL surface tension (dyne/cm)  28.8 29.5 29.2 30.8 27.5 28.3 27.0 27.5 30.8 28.1 
LNAPL interfacial tension (dyne/cm) 24.5 21.5 26.8 27.6 27.6 26.6 24.6 27.6 26.7 22.5 
Groundwater interfacial tension (dyne/cm) 55 55 55 55 55 55 55 55 55 55 
 
Note:  See Table 2-4 for the samples that correspond to each zone.  
a The van Genuchten parameters determined for GOW-1 did not fall within the range of values determined for PSS-01 through PSS-06; therefore, van Genuchten parameters from Zone 2 were used. 
b Soil parameters were not measured for Zone 3; therefore, parameters from Zone 4 were used.  
c Light non-aqueous phase liquid (LNAPL) interfacial tension parameters were not measured for Zone 4; therefore, parameters from Zone 3 were used.  
d Soil parameters and LNAPL information were not measured for Zone 7; therefore, parameters from Zone 4 were used. 
Dyne/cm - Dyne per centimeter. 
gm/cc - Gram per cubic centimeter. 
Sors - Residual LNAPL saturation in saturated zone. 
Sorv - Residual LNAPL saturation in vadose zone. 
Swr - Residual water saturation. 
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Table 2-13.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 1 


 


 
Note: Refer to Exhibit 2-2 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
 
 


Table 2-14.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 2 


 


 
Note: Refer to Exhibit 2-3 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
 


Soil Properties Based on Zone 1 
Information 


Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 94,380 47,190 0.013 0.011 1,038 7,764 
1-2 46,438 69,657 0.038 0.044 2,043 15,282 
2-3 26,751 66,877 0.066 0.088 2,354 17,608 
3-4 8,466 29,632 0.123 0.145 1,228 9,182 
4-5 -- -- -- -- -- -- 
>5 -- -- -- -- -- -- 


Total 49,836 


Soil Properties Based on Zone 2 
Information 


Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 101,585 50,792 0.013 0.010 1,016 7,599 
1-2 64,920 97,380 0.038 0.031 2,013 15,054 
2-3 42,992 107,479 0.066 0.056 2,408 18,008 
3-4 31,993 111,976 0.123 0.084 2,687 20,102 
4-5 36,642 164,889 0.191 0.119 4,360 32,616 
>5 -- -- -- -- -- -- 


Total 93,378 
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Table 2-15.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 3 


 
Soil Properties Based on Zone 3 


Information 
Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 82,964 41,482 0.013 0.013 1,079 8,067 
1-2 88,104 132,157 0.038 0.037 3,260 24,384 
2-3 53,607 134,017 0.066 0.063 3,377 25,262 
3-4 66,055 231,193 0.123 0.092 6,077 45,456 
4-5 88,418 397,881 0.191 0.145 12,821 95,898 
>5 -- -- -- -- -- -- 


Total 199,067 
 
Note: Refer to Exhibit 2-4 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
 
 


Table 2-16.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 4 


 
Soil Properties Based on Zone 4 


Information 
Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 61,127 30,564 0.013 0.013 795 5,944 
1-2 84,415 126,622 0.038 0.037 3,123 23,363 
2-3 56,819 142,046 0.066 0.063 3,580 26,775 
3-4 61,736 216,074 0.123 0.092 5,680 42,484 
4-5 86,384 388,727 0.191 0.143 12,353 92,400 
>5 -- -- -- -- -- -- 


Total 190,966 
 
Note: Refer to Exhibit 2-5 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
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Table 2-17.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 5 


 


Soil Properties Based on Zone 5 
Information 


Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 87,143 43,571 0.013 0.012 1,046 7,822 
1-2 58,165 87,248 0.038 0.037 2,152 16,098 
2-3 62,194 155,485 0.066 0.079 4,913 36,752 
3-4 31,010 108,536 0.123 0.134 4,155 31,082 
4-5 -- -- -- -- -- -- 
>5 -- -- -- -- -- -- 


Total 91,754 
 
Note: Refer to Exhibit 2-6 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
 
 


Table 2-18.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 6 


 
Soil Properties Based on Zone 6 


Information 
Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 38,424 19,212 0.013 0.013 500 3,736 
1-2 71,736 107,604 0.038 0.039 2,798 20,927 
2-3 1,533 3,831 0.066 0.068 104 780 
3-4 295 1,031 0.123 0.138 41 304 
4-5 -- -- -- -- -- -- 
>5 -- -- -- -- -- -- 


Total 25,747 
 
Note: Refer to Exhibit 2-7 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
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Table 2-19.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 7 


 
Soil Properties Based on Zone 7 


Information 
Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 12,167 6,083 0.013 0.013 158 1,183 
1-2 11,946 17,920 0.038 0.037 442 3,306 
2-3 12,395 30,987 0.066 0.063 781 5,841 
3-4 -- -- -- -- -- -- 
4-5 -- -- -- -- -- -- 
>5 -- -- -- -- -- -- 


Total 10,330 
 
Note: Refer to Exhibit 2-5 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
 
 


Table 2-20.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 8 


 
Soil Properties Based on Zone 8 


Information 
Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 55,103 27,551 0.013 0.022 1,212 9,068 
1-2 4,155 6,232 0.038 0.065 270 2,020 
2-3 -- -- -- -- -- -- 
3-4 -- -- -- -- -- -- 
4-5 -- -- -- -- -- -- 
>5 -- -- -- -- -- -- 


       
Total 11,088 


 
Note: Refer to Exhibit 2-8 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
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Table 2-21.  Summary of LNAPL Volume Estimate Based on Monitoring Well 
Gauging Data for Zone 9 


 
Soil Properties Based on Zone 9 


Information 
Contour 
Interval 


(ft) 
Area 
(ft2) 


Volume 
(ft3) 


Entire Site 
Specific Volume 


(ft) 


Specific 
Volume 


(ft) 


Estimated 
LNAPL 


(ft3) 


Estimated 
LNAPL 


(gal) 
0-1 55,947 27,973 0.013 0.011 615 4,603 
1-2 74,873 112,310 0.038 0.034 2,546 19,042 
2-3 28,869 72,172 0.066 0.059 1,703 12,740 
3-4 36,552 127,934 0.123 0.087 3,180 23,787 
4-5 2,118 9,530 0.191 0.147 311 2,329 
>5 10,381 57,096 0.273 0.203 2,107 15,763 


Total 78,264 
 
Note: Refer to Exhibit 2-9 for relationship between light non-aqueous phase liquid (LNAPL) formation thickness and measured LNAPL well 
thickness. 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
gal - Gallon. 
 
 


Table 2-22.  Summary of LNAPL Volume Estimate per Zone 
 


Zone 
Estimated Total LNAPL 


(gal) 
Estimated Recoverable 


LNAPL (gal) 
1 49,836 14,951 
2 93,378 28,013 
3 199,067 59,720 
4 190,966 57,290 
5 91,754 27,526 
6 25,747 7,724 
7 10,330 3,099 
8 11,088 3,326 
9 78,264 23,480 


Total 750,429 225,129 
 


gal - Gallon. 
LNAPL - Light non-aqueous phase liquid. 


 Note: Assumed 30% of total LNAPL is recoverable per zone. 
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Exhibit 2-1.  Product Volume Model Inputs/Outputs - Entire Site 
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Exhibit 2-2.  Product Volume Model Inputs/Outputs - Zone 1 
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Exhibit 2-3.  Product Volume Model Inputs/Outputs - Zone 2 
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Exhibit 2-4.  Product Volume Model Inputs/Outputs - Zone 3 
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Exhibit 2-5.  Product Volume Model Inputs/Outputs - Zones 4 and 7 
 


 
 
 







 


LNAPL Removal System Upgrade Work Plan Page 2-37 December 2009 
El Paso Merchant Energy-Petroleum Company 


Exhibit 2-6.  Product Volume Model Inputs/Outputs - Zone 5 
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Exhibit 2-7.  Product Volume Model Inputs/Outputs - Zone 6 
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Exhibit 2-8.  Product Volume Model Inputs/Outputs - Zone 8 
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Exhibit 2-9.  Product Volume Model Inputs/Outputs - Zone 9 
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Notes:
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     property boundary near LPZ01 is extrapolated from RSA's
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2.) Percent light-end Hydrocarbon data from Coastal Report, 1999.
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3.0 REGULATORY OBJECTIVES 
 
The AOC requires that the Facility LNAPL Removal System Upgrade consider two goals over 
two specific periods of time in order to remove the LNAPL plume to the extent technically 
practicable “within a reasonable time frame.”  These goals are based on apparent product 
thicknesses in monitoring wells.  According to the AOC, removal to an extent “technically 
practicable” means removal of LNAPL to a thickness not to exceed 1/8 inch atop groundwater 
for one year as measured in Facility monitoring wells.  Details regarding these goals and the 
required schedule are described in the subsections that follow. 
 
The AOC provides the following performance criteria for the LNAPL Removal System Upgrade: 


• Respondent shall operate a full LNAPL Recovery System for three years or until 
product is reduced to a threshold of 1/10 foot of product throughout the plume. 


• At the end of three years or when the threshold of 1/10 foot of product atop of 
groundwater is reached, EPA will determine whether Respondent shall enhance 
the system to further remove LNAPL to 1/8 inch atop groundwater. 


• If EPA determines that further removal of LNAPL is required, Respondent shall 
enhance the system and operate until LNAPL is removed to 1/8 inch atop 
groundwater.   


• After three years continued operation of the enhanced system or when LNAPL is 
decreased to 1/8 inch atop groundwater, Respondent may perform a technical 
impracticability (TI) demonstration, to demonstrate that further LNAPL removal 
throughout the plume is TI from an engineering perspective. 


• The TI demonstration shall be in accordance with Guidance for Evaluating the TI 
of Groundwater Restoration (EPA 540-R-93-080). 


• EPA will review the TI demonstration based on EPA guidance. 


• EPA may determine that TI is adequately justified and require Respondent to 
maintain the IM Containment System pursuant to Section VII.1.B.(iv). 


Section 5.0 of this Work Plan describes the proposed LNAPL Removal System Upgrade that will 
be used to meet the regulatory objectives.  Section 6.0 describes the proposed monitoring 
program. 
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4.0 DESCRIPTION OF EXISTING SYSTEMS 
Several systems are currently operating in the Facility Area, which also includes the IM Area.  
For the IM Area, the IM Collection and Recovery Systems were completed and began operating 
as a functional unit in November 2009.  This system consists of the following components:  


• IM Area Containment System (includes the IM Extraction System [total fluids 
extraction] and Subsurface Barrier Wall); and 


• Groundwater Recovery Unit. 
 
In the Facility Area, the Recovery Well - Elementis Chromium (RWEC) ICA system has been in 
operation since 1999. 
 
Definitions and details regarding these systems are provided below.  Figure 4-1 shows the 
location of the existing systems.  The additional components to be added for the Facility LNAPL 
Upgrade are described in Section 5.0. 


4.1 Definitions 
ICA System – A response action first implemented in 1999, consisting of fifteen total fluids 
extraction wells on the AFJ and the AOC.  The thirteen AOC wells were converted to product-
only extraction in 2007.  Fluids from the system are transported via aboveground piping to the 
Groundwater Recovery Unit. 
 
IM – Response actions required by the agreed order that obligates El Paso to install and 
construct a system to contain or mitigate contamination that could discharge to surface water at 
concentrations exceeding specified Preliminary Remediation Goals (PRGs) (i.e. surface water 
quality standards). 
 
IM Collection and Recovery System – The IM Containment System and the Groundwater 
Recovery Unit. 
 
IM Containment System – A combined isolation, extraction, and fluids delivery system 
consisting of the Subsurface Barrier Wall, the IM Collection System,  and the process piping 
leading to the Groundwater Recovery Unit. 
 
Subsurface Barrier Wall – A fully-penetrating sheet pile barrier that penetrates the entire depth 
of the 1st WBZ and spans the entire width of the product and dissolved-phase plumes in the IM 
Area. 
 
IM Collection System - The existing well/trench network that collects, extracts, and delivers free 
product and hydrocarbon and chromium contaminated groundwater to the Groundwater 
Recovery Unit. 
 
Groundwater Recovery Unit – The system that is currently operating at the site to remove 
benzene from process water.  
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4.2 Interim Measures Collection and Recovery System 
The IM Collection and Recovery System consists of the IM Containment System and the 
upgraded Groundwater Recovery Unit.  The IM Containment System documented in the IM 
Implementation Work Plan, Rev. 3, which was submitted to the EPA in November 2009.  The 
upgrades to the Groundwater Recovery Unit became operational in September 2009.  This unit 
consists of oil/water separation, product storage and recycling via transfer to Valero, organic 
removal via air stripping, organic destruction via thermal oxidation, and the discharge of residual 
hexavalent chromium-contaminated process water to the Elementis treatment facility. 
 
The IM Containment System consists of a subsurface barrier wall, seven total fluid wells, eight 
product-only recovery wells and five trench systems (with total fluids extraction from sumps) in 
the IM Area (Figure 4-1).  The subsurface barrier wall, installed in November 2009, consists of 
vinyl sheet pile installed from ground surface to the underlying clay.  The barrier wall spans the 
LNAPL plume width and works in concert with the extraction system to provide containment of 
fluids.  The barrier wall and extraction systems prevent the release of contaminated groundwater 
and product to discharge to the CCIH Ship Channel. 
 
The 13 total fluid extraction locations (vertical wells and trench sumps) are labeled R-1 through 
R-4, Cofferdam, MW-U26A, MW-U29, MW-U32, RW-02, RW-03, EW-A, EW-B, and EW-C 
and are located near the subsurface barrier wall.  Total fluid wells use pumps located in the wells 
and sumps to continuously remove free product and contaminated groundwater. 
 
The five trench systems, referred to as the R-1 trench, the R-2 trench, the R-3 trench, the R-4 
trench, and the Cofferdam trench, are currently in operation in the IM Area.  The Cofferdam 
sump contains an upper and lower pump.  The characteristics of each trench are summarized in 
Table 4-1. 
 
Of the eight product wells, three operate below the bluff adjacent to groundwater extraction 
wells and are designated as EW-A-East, EW-B-East, and EW-C-East.  Six are located above the 
“bluff” and are designated as EW-1, EW-2, EW-3, EW-4, EW-5, and EW-6.  These are 
described below. 


4.3 Product-Only Extraction Wells 
Six product-only wells were installed in December 2006 and brought online in February 2007 to 
supplement LNAPL extraction in the IM Area above the bluff.  These wells were installed to 
increase the volume of product recovered over time.  The product-only wells are labeled EW-1 
through EW-6 and are installed such that they can alternatively be used for total fluids extraction 
or soil vapor extraction (SVE).  Pneumatic pumps were installed in these wells in order to deliver 
product to the Cofferdam Groundwater Recovery System.  Vapor extraction pipe was provided 
for these wells in order to vent benzene vapor to the thermal oxidizer. 


4.4 Pipeline Area Interceptor Trench System 
The pipeline area interceptor trench system consists of two trenches (the western trench and the 
eastern trench) and six sumps northwest of the IM Area.  This system was installed during 
February and March of 2007.  The western trench is approximately 38 feet in length and contains 
two sumps, while the eastern trench is approximately 105 feet in length and contains four sumps. 
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4.5 Interim Corrective Action System 
As explained in Section 2.0, the ICA System consists of extraction systems located on both the 
Valero and Elementis properties.  Thirteen product extraction wells from that system lie on the 
Elementis facility; two additional total fluids wells exist east of Cantwell Lane.  Flow from the 
RWEC system is delivered to the Groundwater Recovery Unit.  This description details the 
thirteen wells that are located in the AOC portion of the Elementis facility. 
 
The Facility ICA extraction wells (RWEC-02 through RWEC-15) initially operated in total 
fluids mode.  In 2007, these wells were converted to product only extraction.  Figure 4-1 shows 
the location of the ICA extraction wells.  Figure 4-2 shows the liquid extraction rates for these 
wells over the previous year.  Calculated average extraction rates for operating wells range from 
0.83 to 12.24 gallons of product removed per day, although the extraction rate over time varies 
significantly for a number of the wells. 
 
The ICA extraction wells pump recovered liquids through aboveground carbon steel piping to 
the Groundwater Recovery Unit’s product storage tank.  The collected product is then recycled 
for cost recovery.  The product is delivered back to Valero and combined with existing product 
streams in the refinery. 


4.6 Current LNAPL Mass Reduction Rates 
Currently the IM Containment System is recovering total fluids and the ICA recovery wells 
RWEC-02 through RWEC-15 are recovering free product at the Facility.  The IM Containment 
System well transfer pipelines are equipped with flow totalizers, but LNAPL production is not 
tracked on a well-specific basis.  Total fluids from the IM Area are piped to the OWS on the 
groundwater recovery unit.  Separated product is sent to the Groundwater Recovery Unit’s 
product storage tank, where it is combined with product from the ICA (measured by cycle 
counter), EW-1 through EW-6 (not measured), and the Residue Disposal Area (RDA) total fluids 
extraction system (measured by cycle counter).  Therefore, the hydrocarbon production rate from 
the IM Area cannot be quantified.  Hydrocarbon recovery rates for the ICA recovery wells have 
been evaluated on the basis of a data set from January 2008 to present.  Total fluids production 
from the IM Area is based on data from a similar period. 
 
The average barrels of groundwater and hydrocarbon recovered per month for the cofferdam area 
extraction network wells and the RWEC wells, respectively, are shown in Tables 4-1 and 4-2.   
 
The average rate of recovery of contaminated groundwater in the IM Area ranges from 
10 barrels/month in wells R-3 and Cofferdam 2 to 3,955 barrels/month in well Cofferdam 1.  It 
should be noted that there are wide variations in the monthly production rates within each 
individual well. 
 
The average rate of recovery of hydrocarbon from recovery wells RWEC-03 through RWEC-12 
ranges from 0.02 barrels/month in well RWEC-14 to 25 barrels/month in well RWEC-13.  
RWEC-04 is not operational.  To determine the amount of fluid that was recovered from each of 
these wells, the number of pump strokes per month was counted for each well and then 
multiplied by the amount of fluid recovered per stroke.  To determine the amount of hydrocarbon 
recovered, the percent hydrocarbon in the recovered fluid was estimated and multiplied by the 
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total amount of fluid recovered.  The only well which exhibited measurable recovery of 
contaminated groundwater is RWEC-05 (0.06 barrels/month). 
 
To further evaluate the rate of hydrocarbon recovery observed in the recovery wells, baildown 
tests were conducted at eight wells that contained LNAPL.  The baildown tests also were used to 
estimate LNAPL conductivity and transmissivity of the saturated media surrounding each well.  
The baildown tests were conducted according to the procedures outlined by Beckett and Lyverse 
(August 2002).  Evaluations of the baildown test results were conducted using techniques 
presented in Beckett and Lyverse (August 2002) and the document  “How To Effectively Recover 
Free Product At Leaking Underground Storage Tank Sites: A Guide For State Regulators” 
(EPA 510-R-96-001) September 1996.  Results of the baildown tests are presented in Table 4-3. 
 
The calculated total fluid production rate during the baildown test represents the maximum 
LNAPL yield.  The rate to recover 90% of the LNAPL thickness approximates the sustainable 
LNAPL recovery rate and is representative of the LNAPL flow rate into the well (EPA, 
September 1996).  The density corrected LNAPL transmissivity represents the estimated rate at 
which the LNAPL is transmitted through the aquifer material surrounding each well.  The 
transmissivity values were estimated using the analytical techniques outlined in Beckett and 
Lyverse (August 2002) and using the computer program AQTESOLV.  The AQTESOLV curve 
matching plots and analytical results are included in Appendix F.   
 
One deviation from the Beckett and Lyverse technique was made in the interpretation of the 
baildown test data.  Beckett and Lyverse recommend the conventional way of calculating the 
well displacement during a baildown test by subtracting the depth to the top of the LNAPL after 
the baildown test from the initial depth to the top of the LNAPL.  For this exercise, the 
displacement was calculated by subtracting the LNAPL thickness in the well from the initial 
LNAPL thickness.  This allows for a more representative and complete displacement versus time 
graph of the LNAPL volume flowing back into the well.  The well baildown data for 
EMW-U20T illustrates why the volume displacement is a better presentation of LNAPL flow 
into the well than the change in head.  The data from the baildown test performed on well 
EMW-U20T on July 31, 2009 shows that after 61 minutes of recovery, the LNAPL surface 
recovered to 84% of its initial depth, but that the LNAPL thickness in the well was only at 61% 
of the initial thickness.  This indicates that the depth to the LNAPL it is not representative of 
LNAPL flow into the well.  Rather groundwater entered the well after the LNAPL removal and 
was elevating the floating product that was in the well.  After 242 minutes the LNAPL thickness 
recovered to its initial thickness.  This suggests that the recovery of product thickness, not 
elevation, is the representative indicator of LNAPL yield to the well after the baildown test.  
Plots of depth to LNAPL and water versus time for each well baildown test is presented in 
Appendix F. 
 
Seven of the eight wells had sufficient LNAPL thickness recovery to create complete 
displacement curves (Appendix F).  These seven wells are LPZ-10, LPZ-27, EPZ-12, 
EMW-U20T, OW-U44, OW-U49, and MW-U33.  Of these seven wells, the fastest product 
recovery was observed in well EMW-U20T with 90% recovery achieved within two hours.  
Medium LNAPL recovery rates where observed in wells LPZ-10, OW-U49, OW-U44, and 
MW-U33 with 90% recovery reached within two to five days.  Slow recovery was observed in 
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well LPZ-27 with 90% recovery reached after 13 days.  Wells EPZ-12 and EMW-U24T had very 
slow recovery rates with 90% recovery observed in EPZ-12 after approximately 59 days, and 
EMW-U25T only achieved approximately 50% recovery after 76 days.   
 
The range of the LNAPL transmissivity ranged from a high of 5.34E-02 square feet per day 
(ft2/day) in the fastest well to recover (EMW-U20T) to a low of 1.43E-05 ft2/day in the slowest 
recovering well (EMW-U24T).  A correlation between the fast, medium, slow, and very slow 
relative recovery rates and ranges of transmissivity are presented in Table 4-4. 
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Table 4-1.  Total Fluids Recovery in the Cofferdam Area Extraction Network 
 


 


Month 


R-1 
Barrels 


Removed 


R-2 
Barrels 


Removed 


R-3 
Barrels 


Removed 


R-4 
Barrels 


Removed 


Cofferdam 1 
Barrels 


Removed 


Cofferdam 2 
Barrels 


Removed 


MW-U26A 
Barrels 


Removed 


MW-U29 
Barrels 


Removed 


MW-U32 
Barrels 


Removed 


RW-02 
Barrels 


Removed 


RW-03 
Barrels 


Removed 
Jan-08 664 537 0 1048 4035 0 1000 117 2870 381 436 
Feb-08 470 812 0 835 3317 0 2372 106 2948 391 318 
Mar-08 500 1330 0 1358 5481 0 6321 217 5182 869 682 
Apr-08 573 1072 0 1259 5155 0 3187 206 4690 664 565 
May-08 617 885 0 872 3901 0 2067 140 3421 430 427 
Jun-08 752 885 0 1456 6906 0 634 339 3931 396 494 
Jul-08 790 909 0 858 2993 0 550 246 2290 370 345 
Aug-08 681 862 0 1013 4387 0 620 338 1352 555 250 
Sep-08 810 885 0 553 4193 0 627 214 2815 374 190 
Oct-08 909 843 0 355 4357 0 725 273 3007 207 282 
Nov-08 747 749 0 460 4018 0 567 211 2329 167 274 
Dec-08 774 902 0 669 4235 0 799 215 2328 361 348 
Jan-09 508 826 0 549 3019 0 598 161 1572 129 274 
Feb-09 512 761 0 597 2859 0 669 285 1596 127 354 
Mar-09 713 761 182 510 3064 182 772 298 1397 898 182 
Apr-09 448 661 0 331 2807 0 560 117 1397 102 2050 
May-09 605 604 0 348 2996 0 586 162 1384 172 2089 
Jun-09 643 767 0 534 3460 0 761 92 1502 1299 1387 


Average 651 836 10 756 3955 10 1301 208 2556 438 608 
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Table 4-2.  Total Fluids Recovery in the RWEC Wells 
 


RWEC-03 
Barrels 


Removed 


RWEC-04 
Barrels 


Removed 


RWEC-05 
Barrels 


Removed 


RWEC-07 
Barrels 


Removed 


RWEC-08 
Barrels 


Removed 


RWEC-09 
Barrels 


Removed 


RWEC-10 
Barrels 


Removed 


RWEC-11 
Barrels 


Removed 


RWEC-12 
Barrels 


Removed 


RWEC-13 
Barrels 


Removed 


RWEC-14 
Barrels 


Removed 


RWEC-15 
Barrels 


Removed 
Month HC GW HC GW HC GW HC GW HC GW HC GW HC GW HC GW HC GW HC GW HC GW HC GW 
Jan-08 0.00 0.00 0.01 0.00 5.59 0.06 5.45 0.00 0.03 0.00 31.09 0.00 8.07 0.00 5.10 0.00 16.90 0.00 29.37 0.00 0.01 0.00 1.67 0.00 
Feb-08 0.00 0.00 0.00 0.00 3.42 0.03 1.51 0.00 0.18 0.00 0.02 0.00 2.08 0.00 4.71 0.00 5.27 0.00 20.14 0.00 0.01 0.00 1.30 0.00 
Mar-08 0.32 0.00 0.00 0.00 5.12 0.05 6.02 0.00 0.21 0.00 1.33 0.00 0.01 0.00 22.39 0.00 10.96 0.00 24.36 0.00 0.02 0.00 1.58 0.00 
Apr-08 0.00 0.00 0.00 0.00 16.96 0.17 5.85 0.00 0.03 0.00 3.63 0.00 0.11 0.00 26.74 0.00 0.80 0.00 23.52 0.00 0.01 0.00 1.82 0.00 
May-08 0.00 0.00 0.00 0.00 2.76 0.03 2.02 0.00 1.77 0.00 4.73 0.00 0.05 0.00 2.70 0.00 5.40 0.00 20.75 0.00 0.06 0.00 1.26 0.00 
Jun-08 0.00 0.00 0.00 0.00 3.46 0.03 5.58 0.00 4.53 0.00 9.95 0.00 0.08 0.00 4.92 0.00 19.45 0.00 26.95 0.00 0.01 0.00 2.12 0.00 
Jul-08 0.00 0.00 0.00 0.00 3.30 0.03 7.37 0.00 3.89 0.00 8.14 0.00 0.02 0.00 11.73 0.00 17.56 0.00 20.37 0.00 0.01 0.00 2.08 0.00 


Aug-08 0.00 0.00 0.00 0.00 7.34 0.07 9.80 0.00 3.20 0.00 9.27 0.00 0.00 0.00 13.81 0.00 16.83 0.00 23.38 0.00 0.01 0.00 1.93 0.00 
Sep-08 0.40 0.00 0.00 0.00 9.76 0.10 9.51 0.00 1.11 0.00 2.12 0.00 0.00 0.00 14.35 0.00 13.42 0.00 26.30 0.00 0.05 0.00 2.86 0.00 
Oct-08 4.32 0.00 0.00 0.00 10.65 0.11 7.91 0.00 1.03 0.00 0.92 0.00 0.00 0.00 0.07 0.00 11.20 0.00 25.84 0.00 0.02 0.00 1.74 0.00 
Nov-08 0.20 0.00 0.00 0.00 10.74 0.11 6.76 0.00 0.11 0.00 0.32 0.00 0.03 0.00 9.68 0.00 10.14 0.00 25.98 0.00 0.01 0.00 1.89 0.00 
Dec-08 0.27 0.00 0.00 0.00 9.39 0.09 7.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.38 0.00 4.31 0.00 33.29 0.00 0.08 0.00 3.55 0.00 
Jan-09 0.12 0.00 0.00 0.00 6.69 0.07 5.90 0.00 0.00 0.00 5.76 0.00 0.02 0.00 6.30 0.00 0.01 0.00 36.74 0.00 0.02 0.00 5.22 0.00 
Feb-09 0.05 0.00 0.00 0.00 5.01 0.05 2.01 0.00 1.21 0.00 11.89 0.00 0.05 0.00 10.94 0.00 0.04 0.00 26.15 0.00 0.00 0.00 1.88 0.00 
Mar-09 0.02 0.00 0.00 0.00 1.28 0.01 0.13 0.00 0.11 0.00 10.98 0.00 0.07 0.00 4.30 0.00 0.20 0.00 22.52 0.00 0.00 0.00 1.79 0.00 
Apr-09 18.02 0.00 0.00 0.00 3.22 0.03 4.01 0.00 4.81 0.00 9.97 0.00 0.02 0.00 2.26 0.00 1.60 0.00 21.87 0.00 0.05 0.00 1.40 0.00 
May-09 4.44 0.00 0.00 0.00 2.23 0.02 5.02 0.00 26.14 0.00 6.88 0.00 0.00 0.00 9.94 0.00 0.01 0.00 20.84 0.00 0.05 0.00 1.70 0.00 
Jun-09 3.38 0.00 0.00 0.00 4.61 0.05 6.67 0.00 29.77 0.00 9.54 0.00 0.00 0.00 0.05 0.00 0.13 0.00 21.85 0.00 0.01 0.00 1.41 0.00 


Average 1.75 0.00 0.00 0.00 6.20 0.06 5.51 0.00 4.34 0.00 7.03 0.00 0.59 0.00 8.74 0.00 7.46 0.00 25.01 0.00 0.02 0.00 2.07 0.00 
 
GW - Groundwater. 
HC - Hydrocarbon. 
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Table 4-3.  Baildown Test Results 
 


Well ID 


Well 
Dia. 
(in) 


LNAPL 
Note 


Initial 
Water 


Thickness 
(ft) 


Initial 
LNAPL 


Thickness 
(ft) 


Vol. 
LNAPL 


Removed 
(gal) 


Vol. 
Water 


Removed 
(gal) 


Total Fluid 
Production 


Rate 
During 


Baildown 
Test 


(gpm) 


Time to 
Recover 
~90% of 
LNAPL 


Thickness 
(min)a 


LNAPL 
Thickness 


at ~90% 
Recovered 


(ft) 


LNAPL 
Vol. at 


~90% or 
Maximum 
Recovered 


if < 90% 
(gal) 


Rate to 
Recover 


~90% 
LNAPL 


(gal/min) 


Rate to 
Recover 


~90% 
LNAPL 


(gal/day) 


Rate to 
Recover 


~90% 
LNAPL 


(barrel/day) Note 


Uncorrected 
LNAPL 


Conductivityb 
(ft/day) 


Corrected 
LNAPL 


Conductivityc 
(ft/day) 


Density 
of 


LNAPL 
[ρo] 


(g/ml) 


Viscosity 
of LNAPL 


[µo] 
(centipoise) 


Corrected 
LNAPL 


Transmissivityd


(ft2/day) 
LPZ-10 2 Benzene 5.23 4.04 2.00 0 0.071 2696 3.74 0.61 2.26E-04 3.26E-01 7.76E-03 calculated at 


92.57% 
recovery 


4.10E-03 5.02E-04 0.8776 0.623 2.03E-03 


LPZ-27 2 Benzene 4.83 3.86 1.25 0 0.114 18500 3.47 0.57 3.06E-05 4.41E-02 1.05E-03 calculated at 
90% recovery 


4.55E-04 5.57E-05 0.8776 0.623 2.15E-04 


EPZ-12 2 Dark brown oil 8.52 1.02 1.00 0 0.053 110544 1.12 0.18 1.65E-06 2.38E-03 5.67E-05 calculated at 
109.80% 
recovery 


2.85E-04 4.42E-05 0.845 0.997 4.50E-05 


EMW-U24T 2 Dark brown oil 5.41 7.51 3.00 0 0.103 27404 3.97 0.65 2.36E-05 3.40E-02 8.11E-04 calculated at 
52.9% 
recovery 


1.04E-05 1.96E-06 0.812 1.039 1.47E-05 


OW-U44 4 Dark brown oil 16.6 2.70 2.25 0 0.094 4500 2.49 1.63 3.61E-04 5.20E-01 1.24E-02 calculated at 
92.2% 
recovery 


6.08E-03 8.69E-04 0.8571 1.011 2.35E-03 


OW-U49 4 Benzene 7.01 4.76 2.10 0 0.084 4183 4.39 2.87 6.85E-04 9.86E-01 2.35E-02 calculated at 
92.2% 
recovery 


4.31E-03 5.28E-04 0.8776 0.623 2.51E-03 


MW-U33 6.5 Benzene 5.27 3.69 7.00 1 0.094 7130 3.27 5.64 7.91E-04 1.14E+00 2.71E-02 calculated at 
88.6% 
recovery 


7.08E-03 1.11E-03 0.8431 0.877 4.10E-03 


 
a - Well EMW-U24T recovered to 46.74 percent (%) after 109,469 minutes (76 days) and therefore 90% recovery was not reached. 
b - Uncorrected light non-aqueous phase liquid (LNAPL) conductivity estimated using AQTESOLV and KGS model solution for slug tests. 
c - Density correction factor for K is 1/ρw-ρo. 
d - LNAPL transmissivity calculated as LNAPL initial thickness X corrected LNAPL conductivity. 
ft - Feet. 
ft2 - Square feet. 
gal - Gallon. 
g/ml - Grams per milliliter. 
gpm - Gallons per minute. 
ID - Identification. 
in - Inch. 
min - Minute. 
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Table 4-4.  Relative Recovery Rates and Transmissivity Results 
 


Recovery Rate Well ID 
Transmissivity 


(ft2/day) 
Fast EMW-U20T 5.34E-02 


MW-U33 4.10E-03 
OW-U49 2.51E-03 
OW-U44 2.35E-03 


Medium 


LPZ-10 2.03E-03 
Slow LPZ-27 2.15E-04 


EPZ-12 4.50E-05 Very Slow 
EMW-U24T 1.43E-05 


 
ft2/day - Square feet per day. 
ID - Identification. 
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5.0 PROPOSED SYSTEMS - DESIGN AND 
IMPLEMENTATION 


This section describes the proposed SVE system to be implemented in order to address potential 
risk pathways, begin mass removal, and collect operating data. 
 
The proposed conceptual response action of SVE for the LNAPL Removal System Upgrade is 
designed to address the remedial objectives and performance goals described in Section 3.0.  
After a period of initial operation, the proposed SVE system may be enhanced in certain areas 
with supplemental technologies such as biosparging or dual-phase vacuum extraction.  The SVE 
system will operate in conjunction with the currently operating liquid extraction systems 
discussed in Section 4.0. 
 
It is proposed that the LNAPL Removal System Upgrade be installed in phases, with the first 
phases concentrating on LNAPL plumes under occupied buildings.  Installing the LNAPL 
Removal System Upgrade in phases will provide an opportunity to refine design and operations 
during each subsequent phase of implementation.  A phased approach will also allow El Paso an 
interim period to address issues regarding potential continuing releases onto the Elementis 
property.  These continuing releases consist of cross-property boundary LNAPL migration and 
potential releases from operating pipelines. 
 
El Paso is requesting additional data from adjacent landowners for assurance that LNAPL is no 
longer migrating across property boundaries onto the Elementis site.  Additionally, El Paso is 
requesting information regarding the over 100 pipeline easements that exist on the Elementis 
property.  It would not be prudent to begin active LNAPL removal in areas where LNAPL 
continues to migrate onto the property or in areas associated with potentially leaking pipelines.  
El Paso intends to address these issues during the first phases of implementation and resolve 
them prior to implementing actions in the zones subject to question. 


5.1 LNAPL Zone-Specific Assessment 
As discussed in Section 2.3.2, the AOC LNAPL Area was divided into nine zones.  These zones 
are  summarized in Table 2-1 and depicted on Figure 2-5.  Four of the nine zones contain a 
former or potential, but currently incomplete risk pathway.  To rank the zones in order of 
implementation, each zone was evaluated separately in terms of the following: 
 


• LNAPL plumes under occupied buildings; 


• Potential for continuing releases within the zone, such as with pipeline releases; 


• Potential for migration into the zone from upgradient sources; and 


• Ability of SVE to affect apparent LNAPL thickness in monitoring wells.  Factors 
affecting an SVE system’s ability to affect apparent LNAPL thickness include 
product composition, significant LNAPL accumulations within each zone 
determined by apparent LNAPL thickness in wells, and soil type at the hydraulic 
surface and smear zone. 
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The following text describes location, potential health risk pathways, potential for continuing 
releases, product composition and apparent thickness, and soil type for each zone.   
 
Zone 1 – IM Area 
Zone 1 lies in the most northern extent of the LNAPL product plume.  Zone 1 is located 
primarily in the IM Area and contains LNAPL that is adjacent to surface water.  However, the 
recent installation of the IM Containment System, including the subsurface barrier wall and new 
extraction wells effectively cut off the LNAPL and the dissolved phase contamination above 
PRGs from the harbor. 
 
Potential migration from Zones 2 and 5 may exist, although the degree of migration is unknown.  
Product in Zone 1 is of mixed composition, but product samples indicate a large fraction of 
aromatics (mostly benzene).  The highest measured accumulation of product (nearly four feet) 
was found in the southern portion of Zone 1.  It should be noted that product thickness adjacent 
to the CCIH Ship Channel is difficult to evaluate because the IM Collection System is constantly 
pumping LNAPL down to minimal thicknesses.  The system cannot be turned off in order to 
gauge the wells under static conditions. 
 
The Zone 1 soil type within the 1st WBZ and at the hydraulic surface is extremely variable.  
Significant interbedding exists within the 1st WBZ.  The 1st WBZ is deeper through the central 
portion of the zone and fine-grained soils are present at the hydraulic surface in the eastern and 
downgradient extent.  The depth of the 1st WBZ through Zone 1 suggests that a paleochannel is 
present.  The elevation of the clay aquitard is significantly lower than in the remainder of the 
Facility. 
 
Zone 2 – North Benzene Plume 
Zone 2 lies in the most northern portion of the eastern LNAPL lobe and is one of two zones 
(Zones 2 and 5) located within the Elementis process area.  Zone 2 contains LNAPL below 
several buildings occupied by site workers for a portion of the day (the FI Report will discuss the 
indoor air pathway in greater detail). 
 
Continuing potential migration from Zone 3 may exist, although the degree of migration is 
unknown.  Field data indicate that free product in Zone 2 consists primarily of benzene.  The 
highest measured accumulation of product (over four feet) was measured in several wells in the 
north central portion Zone 2. 
 
The Zone 2 soil type at the hydraulic surface is mostly sand with varying amounts of moderately 
permeable soils and a small amount of clay.  To the northeast of the zone, it appears that clay 
intersects the hydraulic surface and is possibly controlling migration, causing LNAPL to flow 
west.  The sinusoidal pattern of LNAPL throughout the eastern lobe suggest that LNAPL 
transport occurred through a network of interconnected sands deposited near the water table.  
Evidence of a thicker, sandy WBZ suggests that a paleochannel is present.  Such a channel 
would potentially control groundwater flow and LNAPL distribution.  
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Zone 3 – Middle Benzene Plume 
Zone 3 lies in the central portion of the eastern LNAPL lobe.  While Zone 3 contains LNAPL 
underlying Building 7, which is occupied by site workers for a portion of the day.  Building 7 is 
on the northern edge of the zone and adjacent to Zone 2.   
 
Potential migration into Zone 3 from Zone 4 is possible, although the degree of migration is 
unknown.  Baildown testing in the northern area of Zone 4 exhibited relatively quick LNAPL 
recovery.  Free product in Zone 3 consists primarily of benzene.  The highest measured 
accumulation of product (4.78 feet) was found in the north portion of the zone.  A product 
sample from this location indicated 96.0% benzene by volume. 
 
The Zone 3 soil type at the hydraulic surface is mostly sand with lower proportions of 
moderately permeable soils and very little clay, except near the boundary to Zone 2.  Soil type 
within the aquifer contains higher proportions of moderately permeable materials and small 
fractions of clay.  A topographic high in the aquitard near the Zone 2 boundary, combined with 
the presence of finer grained material at the surface and throughout the aquifer, appear to have 
directed LNAPL flow toward the west before turning east again in Zone 2. 
 
Zone 4 – South Benzene Plume 
Zone 4 lies in the southern portion of the eastern LNAPL lobe.  There have been no potential risk 
pathways identified in this zone.  Continuing potential migration exists from across the southern 
Elementis boundary.  Free product in Zone 4 consists primarily of benzene.  The highest 
measured accumulation of product (4.69 feet) was found in the southern portion of the zone.  A 
product sample from this location indicated 92.5% benzene by volume. 
 
The Zone 4 soil type at the hydraulic surface is mostly sand, except near the boundary of Zone 9.  
At that boundary, the soil type consists of moderately permeable soils.  Soil type within the 
aquifer appears to be mostly sand, with higher proportions of moderately permeable materials 
and clay toward the east.  Topographic highs in the aquitard are similar to Zones 2 and 3 and 
appear to control flow. 
 
Zone 5 – Western LNAPL Lobe (West Area, Valero) 
Zone 5 comprises most of the western LNAPL lobe and is also one of two zones (Zones 2 and 5) 
located within the Elementis process area.  Zone 5 contains LNAPL below several buildings 
occupied by site workers for a portion of the day (the FI Report will discuss the indoor air 
pathway in greater detail).  Continuing potential migration exists from across the north Valero 
boundary.  
 
Free product in Zone 5 exhibits a high fraction of benzene toward the east with lower, but still 
relatively high fractions of benzene in the west.  The highest measured accumulation of product 
(3.45 feet) was measured in the eastern portion of the zone.  A product sample from this location 
indicated 96.0% benzene by volume.  Benzene content was found to be 56.6% in the western 
portion of the zone. 
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Detailed lithologic information does not exist for Zone 5; however, the elevation of the clay 
aquitard appears to be lower through the center of this zone, connecting with the channel feature 
described for Zone 1. 
 
Zone 6 – Mid Area, Valero 
Zone 6 is a relatively small zone adjacent to the east Valero boundary.  There have been no 
potential risk pathways identified in this zone.  Potential continuing releases may consist of 
pipeline leaks and migration from across the east Valero boundary. 
 
Free product in this zone exhibits a relatively high fraction of benzene.  The highest measured 
accumulation of product was 1.74 feet and product sample from this zone indicated 65.3% 
benzene by volume.   
 
Detailed lithologic information does not exist for Zone 6.  However, the topographic high of the 
clay aquitard toward the west, combined with the presence of recovery wells RWEC-06 and 
RWEC-07 may be limiting the eastern extent of LNAPL in this zone. 
 
Zone 7 – MWU-16T Area, Valero 
Zone 7 is a relatively small zone that is defined by the presence of product in two wells: 
MWU-16T and LPZ-31.  This zone is adjacent to the western extent of Valero’s northern 
boundary.  No potential risk pathways have been identified in this zone.  Continuing potential for 
migration exists from across the north Valero boundary.  Free product in this zone has not been 
characterized. 
 
Detailed lithologic information does not exist for Zone 7, although lithologic information derived 
from the two locations within and several locations surrounding this zone are adequate to make 
the following general conclusions.  Within the zone, the hydraulic surface lies entirely in fine 
sand.  The aquifer at LPZ-31 is thicker; however, the clay aquitard rises north and east of the 
zone and the percentages of silt and clay at the hydraulic surface also increase.  Both of these 
factors appear to limit migration of LNAPL to the north and east. 
 
Zone 8– Pipeline Leak, Docks 
Zone 8 is a segregated LNAPL area that is northwest of the main LNAPL plumes.  Potential 
continuing releases in Zone 8 consist of potential pipeline leaks.  Product type in this zone ranges 
from motor oil to diesel fuel directly underneath the pipeline.  Toward the east and upgradient, 
product type transitions to diesel range (EPZ-06) and then a higher fraction of benzene (EW-1).  
A recovery trench was installed underneath the elevated pipelines in 2007, although significant 
volumes of product have not been recovered to date.  It appears that product in this area is not 
mobile in a lateral direction, but accumulates when the water table rises. 
 
The Zone 8 soil type within the 1st WBZ and at the hydraulic surface is extremely variable.  
Significant interbedding exists within the unit, and fine-grained soils are present at the hydraulic 
surface throughout the zone.  A clay unit dips into the hydraulic surface in the northern 
upgradient portion of the zone.  
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Zone 9 – South Pipeline Leak 
Zone 9 is a segregated LNAPL area that is in the southwest portion of the Facility LNAPL 
plume.  Potential continuing releases in Zone 9 appear to be the result of pipeline leaks.  Product 
type in this zone appears to be distinctly different than the benzene product that exists in Zones 
2, 3, and 4.  Significant accumulation, in terms of apparent product thickness in wells, has been 
witnessed in recent gauging events.  
 
The Zone 9 soil type at the hydraulic surface consists primarily of clay mixed with moderately 
permeable soils.  A natural capillary barrier seems to be present, and combined with a thinning of 
the 1st WBZ, appears to limit LNAPL migration north and east of this zone. 
 
Summary of Zones 1 to 9 with Respect to the Proposed LNAPL Removal System Upgrade 
Zones 1, 2, and 5 will be targeted in Phase 1 of the LNAPL Removal System Upgrade for the 
following reasons: 


• Zones 2, 3, and 5 house occupied buildings above the LNAPL plume.  Relatively 
high subslab concentrations of benzene in soil vapor have been measured; and 


• Zone 1 is adjacent to surface water. 


Zones 4 through 9 require further evaluation for the following reasons due to potential for 
ongoing migration or continuing releases: 


• Zones 4 through 7 are potentially affected by cross-property line migration; and 


• There is the potential for continuing pipeline releases in Zones 8 and 9. 


The following summarizes the percentages of aromatics (benzene) within the product, which 
indicates the portion of the LNAPL volume that can readily volatilized via SVE: 


• LNAPL in Zones 2, 3, and 4 are suspected to consist of primarily benzene; 


• Zones 1 and 5 contain appreciable percentages of benzene (the eastern portion of 
Zone 5 appears to consist primarily of benzene) 


• Zone 7 will require additional evaluation to determine the product type; and 


• Zones 8 and 9 contain low percentages of aromatics. 


5.2 Proposed LNAPL Removal System Upgrade 
The primary goals of the LNAPL Removal System Upgrade are to reduce the potential pathways 
for human-health and ecological exposure and to achieve mass removal such that apparent 
thicknesses in site monitoring wells decrease to the goals stipulated by the AOC (Section 3.0).  It 
is expected that, when LNAPL exists above the capillary fringe in the fine sand and contains a 
relatively high fraction of aromatics, a reduction in apparent thickness in monitoring wells is 
possible.  The performance of the system to achieve AOC-stipulated goals will be demonstrated 
via monitoring well gauging as described in Section 6.0.  Other monitoring activities will be 
performed to measure and assess SVE performance. 
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Based on the observations detailed above, El Paso proposes to proceed with the implementation 
of the LNAPL upgrade as follows: 


 Phase 1A – SVE Implementation in Zone 2, and underneath occupied buildings in 
Zones 3 and 5.  This phase will address subslab vapors in Zones 2, 3 and 5, and target 
mass removal in Zone 2 and the eastern portion of Zone 5.  Biosparging may be 
employed in some areas after a period of initial operation to evaluate removal of 
benzene below the capillary fringe. 


 Phase 1B – Implementation in Zone 1.  LNAPL removal in this zone will target mass 
removal in order to establish a buffer between the product plume and the surface 
water.  The presence of fine-grained soils at the hydraulic surface and varying product 
type in some areas of the zone may present challenges.  Dual-phase extraction may be 
employed to specific areas that exhibit lower permeability, heavier product, or 
segregation of the top portion of the 1st WBZ from the lower portion. 


 Phase 2 – Implementation in Zone 3 and Zone 4 in a similar manner as described 
above. 


Also based on the observations described in Section 5.1, the implementation plan and schedule 
for the remainder of Zone 5 and Zones 6 through 9 will be determined after concerns regarding 
potential continuing releases are addressed and operational data are generated for the SVE 
application. 
 
El Paso proposes that Phase1A of the LNAPL Removal System Upgrade be conducted in Zone 
2, but also addresses locations of buildings in the adjacent Zones 3 and 5.  Figure 5-1 shows the 
proposed Phase 1A Implementation and the relative locations of building where indoor air 
quality was evaluated. 
 
Basis for Soil Vapor Extraction Design 
In late 2008, an SVE pilot test was performed within the upgradient portion of Zone 1, using an 
internal combustion engine for vapor phase treatment.  This pilot test was performed to evaluate 
the radius of influence from a typical extraction well, vapor phase characteristics over time, and 
the potential for energy recovery from the extracted vapors.  The test was performed on a well in 
Zone 1 at vapor phase extraction rates of 30 and 10 standard cubic feet per minute (scfm).  A 
memorandum detailing the pilot test findings is presented in Appendix G.  The following is a 
summary of the conclusions gained from the test: 


Radius of Influence 
On the basis of both vacuum pressure propagation and the changes in vapor chemistry in the 
monitoring points, the radius of influence for vapor extraction in this area of Zone 1 at 30 scfm 
exceeds 85 feet.  At 10 scfm, radius of influence is approximately 85 feet.   
 
Extracted Concentration 
During the 30 sfcm portion of the test, the hydrocarbon concentration of the extracted vapor fell 
from over 40,000 parts per million by volume (ppmV), roughly stabilizing between 15,000 and 
20,000 ppmV (but still slightly declining).  This concentration increased after the SVE system 
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was shut down for a day and then operated at 10 scfm.  At the end of the 10 scfm test, a 
hydrocarbon concentration approximately 36,000 ppmV was observed. 
 
Results from air canister samples collected and analyzed for benzene ranged from 35,000 ppmV 
at the beginning of the test and declined to 12,000 ppmV near the end.  The hydrocarbon 
concentration rebounded to 18,000 ppmV in a sample collected approximately two months 
following the end of the test. 
 
Energy Recovery Potential 
It is apparent that the soil vapor, exhibiting a high heat value, can be used to recover energy in 
order to recover cost.  Approximately 20% of the energy used in propane to perform the 
extraction was recovered in electricity.  The propane used, however, was biased high due to a 
treatment system malfunction and the operation at the lower extraction rate of 10 scfm.  
Operation at this flow rate was desired in order to extract vapors at a target pore volume 
exchange rate.  However, this extraction rate was not optimal for the combustion engine’s 
performance. 
 
Soil Vapor Extraction Design Specifics 
The proposed activities for Phase 1A of the LNAPL Upgrade are illustrated on Figure 5-1.  A 
total of up to 23 vapor extraction wells are proposed for installation at the locations shown on 
Figure 5-1.  The placement of these wells is based on the radius of influence determined during 
the pilot test (with overlapping radii) and physical obstructions in the Elementis process area.  
The wells will be installed and operated in a phased approach.  The final number and distribution 
of the Phase 1A wells will be determined based on operation of the initial set of wells.  The radii, 
the process piping, and the location of the vapor treatment system are also shown on Figure 5-1. 
 
Extraction Wells 
Two-inch SVE wells will be installed in the unsaturated zone above the LNAPL plume.  The 
bottom of the extraction well screen will terminate 1-2 feet above the calculated capillary fringe.  
Wells will be installed with 5-foot long and 40-slot screens.  The bottom of the well casing will 
be sealed to reduce vacuum propagation downward toward the capillary fringe and the saturated 
zone. 
 
Process Piping 
Process piping will be used to deliver vapors from the extraction wells to the vapor treatment 
unit.  Pipe size will be determined during detailed design, but will be appropriately sized to 
maintain target velocities under a range of vacuum pressures.  Piping at the extraction well 
surface completions will be constructed such that the flow rate and vapor phase concentration 
can be measured at each well.  Piping runs will be installed underground, along pipe racks, and 
in some cases, aboveground. 
 
Flow control for each extraction location is necessary for operational optimization; therefore, 
piping at each location will be equipped with a control valve with setpoints so that valve 
configurations for the wells can be recorded.  These valves will be used to optimize the 
extraction to balance flow as well as direct flow to specific areas as per the operational 
philosophy (described below). 
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Ports will be installed in the process piping at each location in order to allow the ability to 
monitor vapor concentration and flow rate from each well.  Concentration data will be used to 
determine the heat value, and when combined with flow rate data, the heat-loading rate in terms 
of British Thermal Units per hour (BTU/hr).  These data will also be used to optimize extraction. 
 
Venting System 
A combination of existing monitoring wells and new monitoring piezometers will be employed 
to vent the subsurface in the central portions of the extraction field.  While extraction wells along 
the periphery of the extraction field will draw relatively less-contaminated vapors across the 
LNAPL plume within portions of their radii of influence, areas toward the middle of the 
extraction field will need venting to ensure phase transfer from LNAPL to vapor.  The locations 
for these additional venting wells will be determined during detailed design.  It should be noted 
that venting wells could also be used for vacuum and apparent LNAPL thickness monitoring. 
 
Vapor Treatment System 
At this time, several options for vapor phase treatment are being evaluated.  These include a 
typical thermal oxidizer, a dual internal combustion unit with a generator, and a vapor 
condensation unit.  The technology will be selected during detailed design and will be based on 
effectiveness, implementability, and cost.  For the development of the initial conceptual design, 
it was assumed that one dual internal combustion engine unit with a generator and an electric 
load bank would be used to treat vapors from 16-18 wells at approximately 100,000 BTU/hr per 
well (this was one of several factors that dictated the size of the LNAPL zones).  Since Phase 1A 
has been expanded to include portions of Zone 5, a second smaller unit may be required if the 
internal combustion technology is chosen. 
 
Operational and Control Philosophy 
It is important that the design and construction promote flexibility during operation in order to 
maximize the rate of mass extraction, and minimize the use of supplemental fuel.  The vapor 
phase treatment system(s) will be chosen and sized based on operation after the vapor phase 
concentrations stabilize (expected to be roughly 10,000 ppmV).  Since the vapor phase BTU 
content is expected to be very high initially (concentrations were 35,000 ppmV as measured 
during the pilot test), not all of the extraction wells will be brought on line at once.  The plan is 
to operate on some fraction of these wells initially, bringing new wells online as concentrations 
decrease. 
 
If one dual engine unit were to be used for all 23 wells, it is not expected that all 23 wells would 
operate simultaneously; flow would need to be alternated among the wells.  Extraction will 
continue until concentrations decrease to the point where increasing supplemental fuel is being 
spent, then additional wells can be brought online and others turned off to equilibrate. 
 
Finally, regardless of the treatment technology chosen, it may be desirable to modulate vacuum 
pressure within the extraction field in order to overcome the effect of “dead zones” between 
extraction locations. 
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6.0 MONITORING PLAN 
The AOC performance criteria for LNAPL removal were presented in Section 3.0.  Section 5.0 
presented the proposed systems to implement the LNAPL Upgrade Removal System - this 
monitoring plan addresses the methods by which the performance criteria will be measured and 
monitored. 
 
The AOC provides the following guidance for progress monitoring for LNAPL removal: 
“A sufficient number of piezometers and monitoring wells shall be installed to measure and 
monitor the effectiveness of the LNAPL Removal System.  The system shall be monitored 
quarterly for the first year and semi-annually thereafter until the Final Remediation Goals are 
met.  Once the Final Remediation Goal is maintained for one year, annual monitoring shall be 
implemented and continue for five years.  If the system is determined not to be effective to 
contain LNAPL thickness at the Final Remediation Goal, the system shall be enhanced, to 
contain LNAPL thickness at the Final Remediation Goal.  Respondent shall monitor quarterly 
for the first year and semi-annually thereafter until the Final Remediation Goal is maintained.” 


6.1 Apparent LNAPL Thickness and Potentiometric Monitoring 
Figure 6-1 shows the proposed locations for LNAPL monitoring locations for the entire LNAPL 
plume.  These locations are the same as those used during the FI and will generate a 
comprehensive data set to evaluate the overall LNAPL footprint at various apparent thicknesses.  
It is proposed that these locations will be monitored on a semiannual basis.  Semiannual gauging 
events for LNAPL thickness will occur at the same time as the gauging events associated with 
the AFJ monitoring program if possible. 
 
On a quarterly basis, it is proposed that gauging events will occur only at key wells in the areas 
where SVE is active during a particular phase of implementation.  These wells will lie in the 
areas of the thickest LNAPL accumulation within the specific area of LNAPL removal 
implementation.  Figure 6-2 shows a conceptual layout for a subset of wells to be gauged on a 
quarterly basis for the Phase 1A Implementation, and proposes additional locations for 
monitoring (this figure also shows other types of monitoring locations that will be discussed in 
Section 6.2).  LNAPL thickness and potentiometric monitoring networks for later phases of 
LNAPL removal will be established and proposed via memoranda prior to the implementation of 
the phase. 
 
It should be noted that the apparent thickness in monitoring wells is not particularly effective at 
determining the actual free product occurrence in a groundwater formation.  This type of analysis 
is especially problematic when the soil stratigraphy is complex.  Therefore, other types of 
monitoring are proposed to determine the effectiveness of SVE at removing LNAPL from the 
subsurface. 


6.2 Soil Vapor Extraction Performance Monitoring 
SVE monitoring will consist of the measurement of the extracted vapor characteristics and the 
conditions in the subsurface over time.  It is expected that the vapor phase concentrations of 
aromatics and methane will initially be very high on a per well basis.  After a period of initial 
operation, it is expected that these concentrations will stabilize at an equilibrium concentration.  
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If vapor phase concentrations further decline, reaching the point of diminishing returns prior to 
reaching the AOC stipulated goals, then it should be explored whether to continue vapor 
extraction.  


6.2.1 Monitoring of Extracted Vapor 
Monitoring of extracted vapors will consist of contaminant concentration monitoring and 
monitoring for heat value.  The combination of these two measurements will determine the mass 
removal rate at any point in time and will be performed on a specific frequency, determined 
during detailed design. 
 
The operational “uptime” during a period between measurements will be used to calculate the 
mass of LNAPL removed in equivalent gallons during a specific period such that the cumulative 
mass removal can be tracked.  This measurement will be the primary indication of progress and 
will be compared to the product volume estimation and changes in apparent thickness in 
monitoring wells. 
 
While well-specific measurements will be performed with hand-held instruments, the main 
header into the treatment unit and the unit itself will be precisely monitored for the following: 


• BTUs/hr; 


• Hydrocarbon concentration in ppmV; 


• Flowrate in scfm; 


• Operational uptime; 


• Dilution air flowrate in scfm; and 


• Vacuum pressure applied in inches of water. 
 
Well-specific monitoring will also be performed on a periodic basis.  Monitoring at each well 
will consist of the following parameters: 


• Hydrocarbon concentration in ppmV; 


• Differential pressure; 


• Absolute vacuum pressure applied; and 


• Temperature. 
 
Each well-specific monitoring event will occur within a single day’s time.  The measurements 
collected will allow the calculation of the flowrate and concentration, and thus the mass loading 
rate.  Optimization of both the flowrate and the mass loading rate from each well is necessary. 
 
The pressure and temperature measurements will provide a basis for which to determine whether 
the valve positions for individual wells need to be changed in order to optimize the overall flow 
throughout the entire wellfield.  The application of a specific vacuum pressure at multiple wells 
will result in various flowrates; the goal will be to establish a consistent flowrate for each well 
involved in operation. 
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Additionally, vapor phase characteristic will change over time.  For example, a specific well may 
exhibit a sudden decrease in concentration, thus lowering its BTU/hr contribution to the 
treatment system and the mass removal rate from the subsurface.  The well could be shut down 
for a period of time to allow subsurface concentrations to equilibrate.  In this case, additional 
wells could be installed and brought on line to account for the loss of energy. 
 
At each specific vacuum extraction well, a differential pressure meter and pitot tube will be used 
to measure absolute and differential pressure within the process piping.  A flame ionization 
detector (FID) will be used to monitor the hydrocarbon concentration. 


6.2.2 Subsurface Monitoring 
Subsurface monitoring will be performed to determine how effective the application of vacuum 
will be at altering the conditions in the subsurface.  In addition to LNAPL thickness monitoring, 
subsurface monitoring for SVE will consist of the following: 


• Vacuum pressure at various distances away from two individual extraction wells 
chosen for testing; 


• Changes in vacuum pressure throughout the wellfield; 


• Changes in soil vapor chemistry over time throughout the wellfield; and, 


• Flowrate through venting wells into the subsurface. 
 
Figure 6-2 shows a conceptual layout for various types of monitoring points in relation to the 
assumed area of SVE influence.  Monitoring locations will consist of the following: 


• Existing 1st WBZ groundwater monitoring wells that can be potentially used for 
vacuum pressure measurement or venting and flow measurement; 


• Newly installed 1st WBZ wells that can be used for vacuum pressure measurement 
or venting and flow measurement.  These wells will also supplement the LNAPL 
monitoring network described in Section 6.1. 


• Venting wells installed in the unsaturated zone specifically to provide: 


 Venting around occupied buildings under the influence of vacuum extraction; 
and, 


 The ability to measure soil vapor chemistry. 


• Vapor monitoring points (VMPs) installed at varying distances from the test wells 
in order to provide a more refined analysis of vacuum propagation and changes in 
soil vapor chemistry. 


 
For vacuum propagation, quick connects can be installed on the VMP and other wells where 
vacuum pressure will be measured.  A single portable, calibrated vacuum gauge will be used to 
record vacuum pressure from all VMPs and wells in the application area so that the results can 
be compared.  
 
A calibrated rotameter can be used to measure vapor flowrates into wells designated for venting.  
Measurements can be performed at subslab vents and wells installed for venting in the extraction 
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field.  These measurements will aid in assessing extraction systems ability to achieve flow at the 
various locations.  
 
Finally, field equipment will be used to monitor soil vapor chemistry within the unsaturated zone 
at VMPs and venting wells to supplement the data collected from vapor extraction wells.  Vapor 
chemistry will not be measured within any well that penetrates the hydraulic surface due to the 
potential presence of free product.  A landfill gas monitor and an FID will be used to determine 
total ppmV and the fraction of oxygen, carbon dioxide, and methane. 


6.3 LNAPL Characterization Changes Over Time 
If the primary chemicals of concern are removed from the LNAPL, then an alternate strategy for 
a remediation endpoint can potentially be explored.  Benzene is the chemical of concern that is 
the primary risk driver.   
 
Therefore, if the apparent thickness of LNAPL in monitoring wells does not decrease to the 
performance goals, a product characterization sample should be collected in order to determine 
how well the application of SVE is removing the volatile fraction from the liquid mass and 
reducing the overall risk. 


6.4 Monitoring Results Reporting 
A comprehensive summary of the results for the monitoring outlined above, and analysis of 
those results, will be presented at the end of each major phase of operation.  It is proposed that El 
Paso and EPA communicate on a regular, informal basis to allow for smooth transition between 
phases of implementation. 
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7.0 LNAPL UPGRADE IMPLEMENTATION SCHEDULE 
 
The AOC states that El Paso must submit the LNAPL Removal System Upgrade Work Plan 
within 300 days of EPA approval of the FI Work Plan.  The accepted date of approval of the FI 
Work Plan is February 13, 2009.  This establishes a due date for the LNAPL Removal System 
UpgradeWork Plan of December 10, 2009. 
 
Within 150 days following EPA approval of the LNAPL Removal System Upgrade Work Plan, 
the installation of the LNAPL Removal System Upgrade shall be completed in accordance with 
the LNAPL Removal System Upgrade Work Plan.  An integrated schedule is presented as Figure 
3-1.  This schedule present a proposal for a modified schedule and anticipates an approval date 
for this document.  This modified schedule is based on a phased approach, with the initial phase 
occurring prior to EPA’s approval of this document. 
 
The various phases of operation are described in Section 5.0.  The AOC also contains specific 
monitoring requirements.  These requirements for monitoring are detailed in Section 6.0. 
 







 


 


Figure







ID Task Name Duration Start Finish


1 LNAPL Upgrade Work Plan Approval 0 days Mon 5/3/10 Mon 5/3/10


2 Soil Vapor Extraction Implementation 1571 days Mon 1/4/10 Wed 4/23/14


3 Phase 1A 603 days Mon 1/4/10 Mon 8/29/11


4 Phase 1A Design 60 days Mon 1/4/10 Thu 3/4/10


5 Phase 1A Procurement 60 days Fri 3/5/10 Mon 5/3/10


6 Phase 1A Initial Installation 60 days Tue 5/4/10 Fri 7/2/10


7 Phase 1A Initial Testing 89 days Mon 7/5/10 Fri 10/1/10


8 Phase 1A Final Installation 30 days Mon 10/4/10 Tue 11/2/10


9 Phase 1A Operation 300 days Wed 11/3/10 Mon 8/29/11


10 Phase 1B 603 days Mon 5/3/10 Mon 12/26/11


11 Phase 1B Design 60 days Mon 5/3/10 Thu 7/1/10


12 Phase 1B Procurement 60 days Fri 7/2/10 Mon 8/30/10


13 Phase 1B Initial Installation 60 days Tue 8/31/10 Fri 10/29/10


14 Phase 1B Initial Testing 89 days Mon 11/1/10 Fri 1/28/11


15 Phase 1 B Final Installation 30 days Mon 1/31/11 Tue 3/1/11


16 Phase 1B Operation 300 days Wed 3/2/11 Mon 12/26/11


17 Phase 2 422 days Tue 12/27/11 Wed 2/20/13


18 Phase 2 Design 60 days Tue 12/27/11 Fri 2/24/12


19 Phase 2 Installation 60 days Mon 2/27/12 Thu 4/26/12


20 Phase 2 Operation 300 days Fri 4/27/12 Wed 2/20/13


21 Phase 3 423 days Mon 2/25/13 Wed 4/23/14


22 Phase 3 Design 60 days Mon 2/25/13 Thu 4/25/13


23 Phase 3 Installation 60 days Mon 4/29/13 Thu 6/27/13


24 Phase 3 Operation 300 days Fri 6/28/13 Wed 4/23/14


tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr 
2010 2011 2012 2013 2014


Figure 7-1. El Paso Elementis Site - LNAPL Upgrade Removal System Implementation Schedule


Page 1
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Appendix A 
 


Laboratory Results for Free Product Samples
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Appendix B 
 


Petrophysical Soil Core Photographs 







 







Appendix C 
 


Grain Size Analyses







2009 Physical Properties Data







PTS Laboratories, Inc. URS Corporation
PTS File No: 39601


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.01


Median Particle Size Distribution, wt. percent Silt
Mean Grain Size Grain Size Sand Size & 


Sample ID Depth, ft. Description (1) mm Gravel Coarse Medium Fine Silt Clay Clay


PSS-06 at 18.8 18.8 Fine sand 0.288 0.00 0.00 16.06 76.88 4.66 2.40 7.06


PSS-06 at 19.15 19.15 Fine sand 0.026 0.00 0.00 4.84 36.64 28.96 29.55 58.52


PSS-06 at 20.8 20.8 Fine sand 0.028 0.00 0.00 4.08 34.40 35.84 25.67 61.52


PSS-04 at 18.5 18.5 Fine sand 0.236 0.00 0.00 12.46 64.18 11.76 11.60 23.36


PSS-04 at 20.7 20.7 Fine sand 0.302 0.00 0.00 29.71 41.60 12.79 15.91 28.69


PSS-05 at 18.9 18.9 Fine sand 0.293 0.00 0.00 15.13 81.41 2.04 1.42 3.46


PSS-05 at 20.1 20.1 Fine sand 0.231 0.00 0.00 10.35 65.23 12.54 11.88 24.42


PSS-05 at 21.2 21.2 Fine sand 0.230 0.00 0.00 4.80 83.27 8.13 3.80 11.94


PSS-02 at 18.6 18.6 Fine sand 0.196 0.00 0.00 2.03 84.98 6.42 6.57 12.99


PSS-02 at 20.1 20.1 Fine sand 0.246 0.00 0.00 10.63 80.02 4.85 4.50 9.35


PSS-02 at 22.1 22.1 Fine sand 0.267 0.00 0.00 12.21 82.48 2.95 2.35 5.30


PSS-03 at 19.0 19.0 Fine sand 0.141 0.00 0.00 0.00 87.51 8.52 3.97 12.49


PSS-03 at 21.15 21.15 Fine sand 0.194 0.00 0.00 6.81 77.72 7.78 7.69 15.46


PSS-01 at 18.4 18.4 Fine sand 0.195 0.00 0.00 5.40 71.28 12.04 11.29 23.33


PSS-01 at 21.3 21.3 Silt 0.006 0.00 0.00 0.00 24.38 28.33 47.28 75.62


PARTICLE SIZE SUMMARY
(METHODOLOGY:  ASTM  D422/D4464M)


(1) Based on Mean from Trask







PTS Laboratories, Inc. URS Corporation
PTS File No: 39601


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.01


Median Particle Size Distribution, wt. percent Silt
Mean Grain Size Grain Size Sand Size & 


Sample ID Depth, ft. Description (1) mm Gravel Coarse Medium Fine Silt Clay Clay


PARTICLE SIZE SUMMARY
(METHODOLOGY:  ASTM  D422/D4464M)


PSS-01 at 22.4 22.4 Silt 0.008 0.00 0.00 0.00 25.94 32.41 41.65 74.06


(1) Based on Mean from Trask







PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-01 at 18.4
Project No: 41009205.0109707 Depth, ft: 18.4


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.22 0.0169 0.430
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.50 0.0139 0.353
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.65 0.0126 0.320
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.85 0.0109 0.278
0.0468 1.189 -0.25 16 0.03 0.03 0.03 40 2.15 0.0089 0.225
0.0331 0.841 0.25 20 0.55 0.55 0.58 50 2.36 0.0077 0.195
0.0278 0.707 0.50 25 0.31 0.31 0.89 60 2.61 0.0065 0.164
0.0234 0.595 0.75 30 0.41 0.41 1.30 75 3.44 0.0036 0.092
0.0197 0.500 1.00 35 1.16 1.16 2.46 84 6.43 0.0005 0.012
0.0166 0.420 1.25 40 2.93 2.93 5.40 90 7.93 0.0002 0.004
0.0139 0.354 1.50 45 4.59 4.59 9.99 95 9.04 0.0001 0.002
0.0117 0.297 1.75 50 10.30 10.31 20.30
0.0098 0.250 2.00 60 11.90 11.91 32.21 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 12.80 12.81 45.02 Median, phi 2.36 2.36 2.36
0.0070 0.177 2.50 80 11.40 11.41 56.43 Median, in. 0.0077 0.0077 0.0077
0.0059 0.149 2.75 100 8.47 8.48 64.90 Median, mm 0.195 0.195 0.195
0.0049 0.125 3.00 120 5.48 5.48 70.39
0.0041 0.105 3.25 140 3.20 3.20 73.59 Mean, phi 2.44 4.04 3.48
0.0035 0.088 3.50 170 1.86 1.86 75.45 Mean, in. 0.0073 0.0024 0.0035
0.0029 0.074 3.75 200 1.22 1.22 76.67 Mean, mm 0.185 0.061 0.090
0.0025 0.063 4.00 230 0.96 0.96 77.63
0.0021 0.053 4.25 270 0.85 0.85 78.48 Sorting 1.736 2.392 2.382


0.00174 0.0442 4.50 325 0.76 0.76 79.24 Skewness 0.821 0.702 0.705
0.00146 0.0372 4.75 400 0.67 0.67 79.91 Kurtosis 0.265 0.635 2.016
0.00123 0.0313 5.00 450 0.61 0.61 80.52 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.74 0.74 81.27 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.75 0.75 82.02
0.000615 0.0156 6.00 0.83 0.83 82.85 Description Retained Weight
0.000435 0.0110 6.50 1.34 1.34 84.19 on Sieve # Percent
0.000308 0.00781 7.00 1.75 1.75 85.94 Gravel 4 0.00
0.000197 0.00500 7.65 2.77 2.77 88.71 Coarse Sand 10 0.00
0.000077 0.00195 9.00 6.15 6.15 94.87 Medium Sand 40 5.40
0.000038 0.000977 10.00 3.29 3.29 98.16 Fine Sand 200 71.28
0.000019 0.000488 11.00 1.67 1.67 99.83 Silt >0.005 mm 12.04
0.000015 0.000375 11.38 0.17 0.17 100.00 Clay <0.005 mm 11.29
TOTALS 99.90 100.00 100.00 Total 100


 © PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-01 at 21.3
Project No: 41009205.0109707 Depth, ft: 21.3


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.89 0.0106 0.270
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 2.13 0.0090 0.228
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 2.47 0.0071 0.180
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 3.97 0.0025 0.064
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 6.63 0.0004 0.010
0.0331 0.841 0.25 20 0.00 0.00 0.00 50 7.45 0.0002 0.006
0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.06 0.0001 0.004
0.0234 0.595 0.75 30 0.00 0.00 0.00 75 8.91 0.0001 0.002
0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.52 0.0001 0.001
0.0166 0.420 1.25 40 0.00 0.00 0.00 90 9.93 0.0000 0.001
0.0139 0.354 1.50 45 0.17 0.17 0.17 95 10.49 0.0000 0.001
0.0117 0.297 1.75 50 2.15 2.15 2.32
0.0098 0.250 2.00 60 4.73 4.73 7.05 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 5.47 5.47 12.52 Median, phi 7.45 7.45 7.45
0.0070 0.177 2.50 80 3.96 3.96 16.47 Median, in. 0.0002 0.0002 0.0002
0.0059 0.149 2.75 100 2.58 2.58 19.05 Median, mm 0.006 0.006 0.006
0.0049 0.125 3.00 120 2.10 2.10 21.15
0.0041 0.105 3.25 140 1.60 1.60 22.75 Mean, phi 4.93 5.99 6.48
0.0035 0.088 3.50 170 0.97 0.97 23.72 Mean, in. 0.0013 0.0006 0.0004
0.0029 0.074 3.75 200 0.66 0.66 24.38 Mean, mm 0.033 0.016 0.011
0.0025 0.063 4.00 230 0.70 0.70 25.08
0.0021 0.053 4.25 270 0.83 0.83 25.91 Sorting 5.546 3.524 3.065


0.00174 0.0442 4.50 325 0.84 0.84 26.75 Skewness 2.007 -0.413 -0.352
0.00146 0.0372 4.75 400 0.86 0.86 27.61 Kurtosis 0.136 0.220 0.713
0.00123 0.0313 5.00 450 1.06 1.06 28.67 Grain Size Description Silt
0.000986 0.0250 5.32 500 1.85 1.85 30.52 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 2.18 2.18 32.70
0.000615 0.0156 6.00 2.29 2.29 34.98 Description Retained Weight
0.000435 0.0110 6.50 3.64 3.64 38.62 on Sieve # Percent
0.000308 0.00781 7.00 5.21 5.21 43.83 Gravel 4 0.00
0.000197 0.00500 7.65 8.89 8.89 52.72 Coarse Sand 10 0.00
0.000077 0.00195 9.00 23.80 23.79 76.50 Medium Sand 40 0.00
0.000038 0.000977 10.00 14.50 14.49 90.99 Fine Sand 200 24.38
0.000019 0.000488 11.00 8.15 8.15 99.14 Silt >0.005 mm 28.33
0.000015 0.000375 11.38 0.86 0.86 100.00 Clay <0.005 mm 47.28
TOTALS 100.10 100.00 100.00 Total 100


 © PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-01 at 22.4
Project No: 41009205.0109707 Depth, ft: 22.4


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 2.06 0.0095 0.240
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 2.34 0.0078 0.198
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 2.72 0.0060 0.152
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 3.61 0.0032 0.082
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 5.73 0.0007 0.019
0.0331 0.841 0.25 20 0.00 0.00 0.00 50 6.93 0.0003 0.008
0.0278 0.707 0.50 25 0.00 0.00 0.00 60 7.75 0.0002 0.005
0.0234 0.595 0.75 30 0.00 0.00 0.00 75 8.74 0.0001 0.002
0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.39 0.0001 0.001
0.0166 0.420 1.25 40 0.00 0.00 0.00 90 9.85 0.0000 0.001
0.0139 0.354 1.50 45 0.03 0.03 0.03 95 10.42 0.0000 0.001
0.0117 0.297 1.75 50 0.92 0.92 0.95
0.0098 0.250 2.00 60 3.02 3.02 3.97 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 4.51 4.51 8.48 Median, phi 6.93 6.93 6.93
0.0070 0.177 2.50 80 4.35 4.35 12.83 Median, in. 0.0003 0.0003 0.0003
0.0059 0.149 2.75 100 3.63 3.63 16.46 Median, mm 0.008 0.008 0.008
0.0049 0.125 3.00 120 3.16 3.16 19.62
0.0041 0.105 3.25 140 2.62 2.62 22.24 Mean, phi 4.57 6.05 6.34
0.0035 0.088 3.50 170 2.03 2.03 24.27 Mean, in. 0.0017 0.0006 0.0005
0.0029 0.074 3.75 200 1.67 1.67 25.94 Mean, mm 0.042 0.015 0.012
0.0025 0.063 4.00 230 1.57 1.57 27.51
0.0021 0.053 4.25 270 1.60 1.60 29.12 Sorting 5.920 3.335 2.934


0.00174 0.0442 4.50 325 1.69 1.69 30.81 Skewness 1.686 -0.262 -0.214
0.00146 0.0372 4.75 400 1.78 1.78 32.59 Kurtosis 0.202 0.253 0.668
0.00123 0.0313 5.00 450 1.85 1.85 34.44 Grain Size Description Silt
0.000986 0.0250 5.32 500 2.43 2.43 36.87 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 2.48 2.48 39.35
0.000615 0.0156 6.00 2.73 2.73 42.08 Description Retained Weight
0.000435 0.0110 6.50 3.90 3.90 45.98 on Sieve # Percent
0.000308 0.00781 7.00 4.70 4.70 50.68 Gravel 4 0.00
0.000197 0.00500 7.65 7.67 7.67 58.35 Coarse Sand 10 0.00
0.000077 0.00195 9.00 20.60 20.60 78.96 Medium Sand 40 0.00
0.000038 0.000977 10.00 13.00 13.00 91.96 Fine Sand 200 25.94
0.000019 0.000488 11.00 7.29 7.29 99.25 Silt >0.005 mm 32.41
0.000015 0.000375 11.38 0.75 0.75 100.00 Clay <0.005 mm 41.65
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-02 at 18.6
Project No: 41009205.0109707 Depth, ft: 18.6


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.59 0.0131 0.333
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.77 0.0115 0.292
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.89 0.0107 0.271
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 2.04 0.0096 0.244
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 2.22 0.0084 0.214
0.0331 0.841 0.25 20 0.00 0.00 0.00 50 2.35 0.0077 0.196
0.0278 0.707 0.50 25 0.00 0.00 0.00 60 2.48 0.0071 0.180
0.0234 0.595 0.75 30 0.03 0.03 0.03 75 2.76 0.0058 0.147
0.0197 0.500 1.00 35 0.89 0.89 0.92 84 3.24 0.0042 0.106
0.0166 0.420 1.25 40 1.11 1.11 2.03 90 5.42 0.0009 0.023
0.0139 0.354 1.50 45 1.01 1.01 3.04 95 8.39 0.0001 0.003
0.0117 0.297 1.75 50 5.69 5.69 8.73
0.0098 0.250 2.00 60 13.40 13.40 22.13 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 20.20 20.20 42.33 Median, phi 2.35 2.35 2.35
0.0070 0.177 2.50 80 19.60 19.60 61.93 Median, in. 0.0077 0.0077 0.0077
0.0059 0.149 2.75 100 12.70 12.70 74.63 Median, mm 0.196 0.196 0.196
0.0049 0.125 3.00 120 6.49 6.49 81.12
0.0041 0.105 3.25 140 3.02 3.02 84.14 Mean, phi 2.35 2.56 2.49
0.0035 0.088 3.50 170 1.69 1.69 85.83 Mean, in. 0.0077 0.0067 0.0070
0.0029 0.074 3.75 200 1.18 1.18 87.01 Mean, mm 0.196 0.169 0.178
0.0025 0.063 4.00 230 0.69 0.69 87.70
0.0021 0.053 4.25 270 0.50 0.50 88.20 Sorting 1.287 0.676 1.369


0.00174 0.0442 4.50 325 0.47 0.47 88.67 Skewness 0.965 0.317 0.546
0.00146 0.0372 4.75 400 0.42 0.42 89.09 Kurtosis 0.180 4.029 3.826
0.00123 0.0313 5.00 450 0.37 0.37 89.46 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.40 0.40 89.86 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.43 0.43 90.29
0.000615 0.0156 6.00 0.49 0.49 90.78 Description Retained Weight
0.000435 0.0110 6.50 0.66 0.66 91.44 on Sieve # Percent
0.000308 0.00781 7.00 0.81 0.81 92.25 Gravel 4 0.00
0.000197 0.00500 7.65 1.18 1.18 93.43 Coarse Sand 10 0.00
0.000077 0.00195 9.00 2.86 2.86 96.29 Medium Sand 40 2.03
0.000038 0.000977 10.00 2.00 2.00 98.29 Fine Sand 200 84.98
0.000019 0.000488 11.00 1.54 1.54 99.83 Silt >0.005 mm 6.42
0.000015 0.000375 11.38 0.17 0.17 100.00 Clay <0.005 mm 6.57
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-02 at 20.1
Project No: 41009205.0109707 Depth, ft: 20.1


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.98 0.0199 0.507
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.22 0.0169 0.429
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.44 0.0145 0.369
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.62 0.0128 0.325
0.0468 1.189 -0.25 16 0.01 0.01 0.01 40 1.86 0.0108 0.275
0.0331 0.841 0.25 20 1.05 1.05 1.06 50 2.02 0.0097 0.246
0.0278 0.707 0.50 25 0.59 0.59 1.65 60 2.19 0.0087 0.220
0.0234 0.595 0.75 30 0.83 0.83 2.49 75 2.49 0.0070 0.178
0.0197 0.500 1.00 35 2.72 2.72 5.21 84 2.84 0.0055 0.139
0.0166 0.420 1.25 40 5.42 5.43 10.63 90 3.55 0.0034 0.086
0.0139 0.354 1.50 45 7.19 7.20 17.83 95 7.29 0.0003 0.006
0.0117 0.297 1.75 50 14.90 14.92 32.75
0.0098 0.250 2.00 60 15.90 15.92 48.67 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 15.30 15.32 63.98 Median, phi 2.02 2.02 2.02
0.0070 0.177 2.50 80 11.60 11.61 75.59 Median, in. 0.0097 0.0097 0.0097
0.0059 0.149 2.75 100 6.95 6.96 82.55 Median, mm 0.246 0.246 0.246
0.0049 0.125 3.00 120 3.86 3.86 86.42
0.0041 0.105 3.25 140 2.17 2.17 88.59 Mean, phi 1.99 2.14 2.10
0.0035 0.088 3.50 170 1.26 1.26 89.85 Mean, in. 0.0099 0.0089 0.0092
0.0029 0.074 3.75 200 0.80 0.80 90.65 Mean, mm 0.252 0.227 0.233
0.0025 0.063 4.00 230 0.57 0.57 91.22
0.0021 0.053 4.25 270 0.40 0.40 91.62 Sorting 1.351 0.704 1.308


0.00174 0.0442 4.50 325 0.30 0.30 91.92 Skewness 0.978 0.168 0.419
0.00146 0.0372 4.75 400 0.28 0.28 92.20 Kurtosis 0.214 3.483 2.982
0.00123 0.0313 5.00 450 0.27 0.27 92.47 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.31 0.31 92.78 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.31 0.31 93.09
0.000615 0.0156 6.00 0.36 0.36 93.45 Description Retained Weight
0.000435 0.0110 6.50 0.52 0.52 93.97 on Sieve # Percent
0.000308 0.00781 7.00 0.62 0.62 94.59 Gravel 4 0.00
0.000197 0.00500 7.65 0.90 0.90 95.50 Coarse Sand 10 0.00
0.000077 0.00195 9.00 2.04 2.04 97.54 Medium Sand 40 10.63
0.000038 0.000977 10.00 1.35 1.35 98.89 Fine Sand 200 80.02
0.000019 0.000488 11.00 1.00 1.00 99.89 Silt >0.005 mm 4.85
0.000015 0.000375 11.38 0.11 0.11 100.00 Clay <0.005 mm 4.50
TOTALS 99.90 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-02 at 22.1
Project No: 41009205.0109707 Depth, ft: 22.1


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.91 0.0209 0.532
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.16 0.0176 0.447
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.36 0.0154 0.390
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.55 0.0134 0.340
0.0468 1.189 -0.25 16 0.01 0.01 0.01 40 1.76 0.0116 0.295
0.0331 0.841 0.25 20 1.23 1.23 1.24 50 1.90 0.0105 0.267
0.0278 0.707 0.50 25 0.81 0.81 2.05 60 2.05 0.0095 0.241
0.0234 0.595 0.75 30 1.12 1.12 3.17 75 2.31 0.0079 0.201
0.0197 0.500 1.00 35 2.84 2.84 6.01 84 2.55 0.0067 0.171
0.0166 0.420 1.25 40 6.20 6.20 12.21 90 2.88 0.0053 0.136
0.0139 0.354 1.50 45 8.83 8.83 21.04 95 3.93 0.0026 0.066
0.0117 0.297 1.75 50 18.00 18.00 39.04
0.0098 0.250 2.00 60 17.80 17.80 56.84 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 15.50 15.50 72.34 Median, phi 1.90 1.90 1.90
0.0070 0.177 2.50 80 10.50 10.50 82.84 Median, in. 0.0105 0.0105 0.0105
0.0059 0.149 2.75 100 5.62 5.62 88.46 Median, mm 0.267 0.267 0.267
0.0049 0.125 3.00 120 2.91 2.91 91.37
0.0041 0.105 3.25 140 1.66 1.66 93.03 Mean, phi 1.88 1.95 1.94
0.0035 0.088 3.50 170 1.02 1.02 94.05 Mean, in. 0.0107 0.0102 0.0103
0.0029 0.074 3.75 200 0.65 0.65 94.70 Mean, mm 0.271 0.258 0.261
0.0025 0.063 4.00 230 0.43 0.43 95.13
0.0021 0.053 4.25 270 0.30 0.30 95.43 Sorting 1.301 0.597 0.756


0.00174 0.0442 4.50 325 0.23 0.23 95.66 Skewness 0.979 0.085 0.213
0.00146 0.0372 4.75 400 0.19 0.19 95.85 Kurtosis 0.223 1.525 1.630
0.00123 0.0313 5.00 450 0.17 0.17 96.02 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.20 0.20 96.22 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.19 0.19 96.41
0.000615 0.0156 6.00 0.20 0.20 96.61 Description Retained Weight
0.000435 0.0110 6.50 0.27 0.27 96.88 on Sieve # Percent
0.000308 0.00781 7.00 0.31 0.31 97.19 Gravel 4 0.00
0.000197 0.00500 7.65 0.46 0.46 97.65 Coarse Sand 10 0.00
0.000077 0.00195 9.00 1.04 1.04 98.69 Medium Sand 40 12.21
0.000038 0.000977 10.00 0.74 0.74 99.43 Fine Sand 200 82.48
0.000019 0.000488 11.00 0.52 0.52 99.95 Silt >0.005 mm 2.95
0.000015 0.000375 11.38 0.06 0.05 100.00 Clay <0.005 mm 2.35
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-03 at 19.0
Project No: 41009205.0109707 Depth, ft: 19.0


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 2.25 0.0083 0.210
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 2.34 0.0078 0.198
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 2.44 0.0073 0.185
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 2.56 0.0067 0.170
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 2.72 0.0060 0.152
0.0331 0.841 0.25 20 0.00 0.00 0.00 50 2.83 0.0056 0.141
0.0278 0.707 0.50 25 0.00 0.00 0.00 60 2.94 0.0051 0.131
0.0234 0.595 0.75 30 0.00 0.00 0.00 75 3.17 0.0044 0.111
0.0197 0.500 1.00 35 0.00 0.00 0.00 84 3.45 0.0036 0.091
0.0166 0.420 1.25 40 0.00 0.00 0.00 90 4.24 0.0021 0.053
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 6.85 0.0003 0.009
0.0117 0.297 1.75 50 0.00 0.00 0.00
0.0098 0.250 2.00 60 0.30 0.30 0.30 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 4.64 4.64 4.94 Median, phi 2.83 2.83 2.83
0.0070 0.177 2.50 80 14.80 14.80 19.74 Median, in. 0.0056 0.0056 0.0056
0.0059 0.149 2.75 100 23.50 23.49 43.23 Median, mm 0.141 0.141 0.141
0.0049 0.125 3.00 120 22.40 22.40 65.63
0.0041 0.105 3.25 140 13.70 13.70 79.32 Mean, phi 2.83 2.94 2.90
0.0035 0.088 3.50 170 5.84 5.84 85.16 Mean, in. 0.0055 0.0051 0.0053
0.0029 0.074 3.75 200 2.35 2.35 87.51 Mean, mm 0.141 0.130 0.134
0.0025 0.063 4.00 230 1.44 1.44 88.95
0.0021 0.053 4.25 270 1.09 1.09 90.04 Sorting 1.238 0.507 0.951


0.00174 0.0442 4.50 325 0.81 0.81 90.85 Skewness 0.974 0.233 0.492
0.00146 0.0372 4.75 400 0.67 0.67 91.52 Kurtosis 0.203 3.543 3.067
0.00123 0.0313 5.00 450 0.59 0.59 92.11 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.67 0.67 92.78 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.57 0.57 93.35
0.000615 0.0156 6.00 0.54 0.54 93.89 Description Retained Weight
0.000435 0.0110 6.50 0.65 0.65 94.54 on Sieve # Percent
0.000308 0.00781 7.00 0.65 0.65 95.19 Gravel 4 0.00
0.000197 0.00500 7.65 0.84 0.84 96.03 Coarse Sand 10 0.00
0.000077 0.00195 9.00 1.75 1.75 97.78 Medium Sand 40 0.00
0.000038 0.000977 10.00 1.25 1.25 99.03 Fine Sand 200 87.51
0.000019 0.000488 11.00 0.88 0.88 99.91 Silt >0.005 mm 8.52
0.000015 0.000375 11.38 0.09 0.09 100.00 Clay <0.005 mm 3.97
TOTALS 100.00 100.00 100.00 Total 100
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0


5


10


15


20


25


6.
35


1


3.
36


4


1.
18


9


0.
70


7


0.
50


0


0.
35


4


0.
25


0


0.
17


7


0.
12


5


0.
08


8


0.
06


3


0.
04


42


0.
03


13


0.
02


01


0.
01


10


0.
00


50
0


0.
00


09
77


0.
00


03
75


Particle Size, mm


R
et


ai
ne


d 
W


t.,
 %


..


0


10


20


30


40


50


60


70


80


90


100


C
um


ul
at


iv
e 


W
t.,


 %
..


ClaySilt
medium


Sand Size
crs fine


Grv







PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-03 at 21.15
Project No: 41009205.0109707 Depth, ft: 21.15


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.10 0.0183 0.466
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.47 0.0142 0.360
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.68 0.0123 0.313
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.90 0.0105 0.268
0.0468 1.189 -0.25 16 0.01 0.01 0.01 40 2.19 0.0086 0.219
0.0331 0.841 0.25 20 1.11 1.11 1.12 50 2.37 0.0076 0.194
0.0278 0.707 0.50 25 0.38 0.38 1.50 60 2.55 0.0067 0.171
0.0234 0.595 0.75 30 0.42 0.42 1.92 75 2.92 0.0052 0.133
0.0197 0.500 1.00 35 1.83 1.83 3.74 84 3.63 0.0032 0.081
0.0166 0.420 1.25 40 3.07 3.07 6.81 90 6.59 0.0004 0.010
0.0139 0.354 1.50 45 3.56 3.56 10.37 95 8.62 0.0001 0.003
0.0117 0.297 1.75 50 8.03 8.03 18.40
0.0098 0.250 2.00 60 10.90 10.90 29.30 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 13.80 13.80 43.09 Median, phi 2.37 2.37 2.37
0.0070 0.177 2.50 80 14.50 14.49 57.59 Median, in. 0.0076 0.0076 0.0076
0.0059 0.149 2.75 100 12.20 12.20 69.78 Median, mm 0.194 0.194 0.194
0.0049 0.125 3.00 120 7.89 7.89 77.67
0.0041 0.105 3.25 140 4.03 4.03 81.70 Mean, phi 2.32 2.65 2.56
0.0035 0.088 3.50 170 1.75 1.75 83.45 Mean, in. 0.0079 0.0063 0.0067
0.0029 0.074 3.75 200 1.09 1.09 84.54 Mean, mm 0.200 0.159 0.170
0.0025 0.063 4.00 230 0.89 0.89 85.43
0.0021 0.053 4.25 270 0.58 0.58 86.01 Sorting 1.421 0.976 1.627


0.00174 0.0442 4.50 325 0.49 0.49 86.49 Skewness 0.973 0.289 0.476
0.00146 0.0372 4.75 400 0.46 0.46 86.95 Kurtosis 0.193 2.851 3.038
0.00123 0.0313 5.00 450 0.43 0.43 87.38 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.53 0.53 87.91 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.54 0.54 88.45
0.000615 0.0156 6.00 0.58 0.58 89.03 Description Retained Weight
0.000435 0.0110 6.50 0.79 0.79 89.82 on Sieve # Percent
0.000308 0.00781 7.00 0.99 0.99 90.81 Gravel 4 0.00
0.000197 0.00500 7.65 1.50 1.50 92.31 Coarse Sand 10 0.00
0.000077 0.00195 9.00 3.74 3.74 96.05 Medium Sand 40 6.81
0.000038 0.000977 10.00 2.25 2.25 98.30 Fine Sand 200 77.72
0.000019 0.000488 11.00 1.53 1.53 99.83 Silt >0.005 mm 7.78
0.000015 0.000375 11.38 0.17 0.17 100.00 Clay <0.005 mm 7.69
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-04 at 18.5
Project No: 41009205.0109707 Depth, ft: 18.5


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.85 0.0219 0.556
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.14 0.0178 0.452
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.36 0.0153 0.389
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.58 0.0131 0.334
0.0468 1.189 -0.25 16 0.18 0.18 0.18 40 1.86 0.0108 0.275
0.0331 0.841 0.25 20 1.62 1.62 1.80 50 2.08 0.0093 0.236
0.0278 0.707 0.50 25 0.96 0.96 2.76 60 2.37 0.0076 0.193
0.0234 0.595 0.75 30 1.20 1.20 3.96 75 3.44 0.0036 0.092
0.0197 0.500 1.00 35 2.69 2.69 6.65 84 6.31 0.0005 0.013
0.0166 0.420 1.25 40 5.81 5.81 12.46 90 8.06 0.0001 0.004
0.0139 0.354 1.50 45 7.79 7.79 20.25 95 9.38 0.0001 0.002
0.0117 0.297 1.75 50 14.10 14.10 34.35
0.0098 0.250 2.00 60 12.30 12.30 46.65 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 9.98 9.98 56.64 Median, phi 2.08 2.08 2.08
0.0070 0.177 2.50 80 6.94 6.94 63.58 Median, in. 0.0093 0.0093 0.0093
0.0059 0.149 2.75 100 4.62 4.62 68.20 Median, mm 0.236 0.236 0.236
0.0049 0.125 3.00 120 3.24 3.24 71.44
0.0041 0.105 3.25 140 2.30 2.30 73.74 Mean, phi 2.23 3.84 3.25
0.0035 0.088 3.50 170 1.65 1.65 75.39 Mean, in. 0.0084 0.0028 0.0041
0.0029 0.074 3.75 200 1.25 1.25 76.64 Mean, mm 0.213 0.070 0.105
0.0025 0.063 4.00 230 1.02 1.02 77.66
0.0021 0.053 4.25 270 0.86 0.86 78.52 Sorting 1.903 2.474 2.530


0.00174 0.0442 4.50 325 0.75 0.75 79.27 Skewness 0.743 0.709 0.709
0.00146 0.0372 4.75 400 0.69 0.69 79.96 Kurtosis 0.269 0.724 1.883
0.00123 0.0313 5.00 450 0.66 0.66 80.62 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.84 0.84 81.46 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.82 0.82 82.28
0.000615 0.0156 6.00 0.88 0.88 83.16 Description Retained Weight
0.000435 0.0110 6.50 1.35 1.35 84.51 on Sieve # Percent
0.000308 0.00781 7.00 1.59 1.59 86.10 Gravel 4 0.00
0.000197 0.00500 7.65 2.30 2.30 88.40 Coarse Sand 10 0.00
0.000077 0.00195 9.00 5.20 5.20 93.60 Medium Sand 40 12.46
0.000038 0.000977 10.00 3.70 3.70 97.30 Fine Sand 200 64.18
0.000019 0.000488 11.00 2.44 2.44 99.74 Silt >0.005 mm 11.76
0.000015 0.000375 11.38 0.26 0.26 100.00 Clay <0.005 mm 11.60
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-04 at 20.7
Project No: 41009205.0109707 Depth, ft: 20.7


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.20 0.0342 0.870
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 0.54 0.0270 0.686
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 0.83 0.0222 0.563
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.12 0.0181 0.460
0.0468 1.189 -0.25 16 0.65 0.65 0.65 40 1.53 0.0137 0.347
0.0331 0.841 0.25 20 4.82 4.82 5.47 50 1.73 0.0119 0.302
0.0278 0.707 0.50 25 3.70 3.70 9.17 60 2.04 0.0096 0.244
0.0234 0.595 0.75 30 4.73 4.73 13.91 75 5.31 0.0010 0.025
0.0197 0.500 1.00 35 6.70 6.70 20.61 84 7.62 0.0002 0.005
0.0166 0.420 1.25 40 9.10 9.10 29.71 90 8.77 0.0001 0.002
0.0139 0.354 1.50 45 9.00 9.00 38.72 95 9.78 0.0000 0.001
0.0117 0.297 1.75 50 12.40 12.40 51.12
0.0098 0.250 2.00 60 8.17 8.17 59.29 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 4.80 4.80 64.10 Median, phi 1.73 1.73 1.73
0.0070 0.177 2.50 80 2.29 2.29 66.39 Median, in. 0.0119 0.0119 0.0119
0.0059 0.149 2.75 100 1.29 1.29 67.68 Median, mm 0.302 0.302 0.302
0.0049 0.125 3.00 120 1.11 1.11 68.79
0.0041 0.105 3.25 140 1.02 1.02 69.81 Mean, phi 2.04 4.23 3.39
0.0035 0.088 3.50 170 0.84 0.84 70.65 Mean, in. 0.0095 0.0021 0.0037
0.0029 0.074 3.75 200 0.66 0.66 71.31 Mean, mm 0.243 0.053 0.095
0.0025 0.063 4.00 230 0.54 0.54 71.85
0.0021 0.053 4.25 270 0.47 0.47 72.32 Sorting 4.277 3.398 3.150


0.00174 0.0442 4.50 325 0.48 0.48 72.80 Skewness 0.356 0.735 0.708
0.00146 0.0372 4.75 400 0.56 0.56 73.36 Kurtosis 0.318 0.409 0.936
0.00123 0.0313 5.00 450 0.67 0.67 74.03 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.99 0.99 75.02 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 1.06 1.06 76.08
0.000615 0.0156 6.00 1.19 1.19 77.27 Description Retained Weight
0.000435 0.0110 6.50 1.77 1.77 79.04 on Sieve # Percent
0.000308 0.00781 7.00 2.05 2.05 81.09 Gravel 4 0.00
0.000197 0.00500 7.65 3.00 3.00 84.09 Coarse Sand 10 0.00
0.000077 0.00195 9.00 7.08 7.08 91.18 Medium Sand 40 29.71
0.000038 0.000977 10.00 4.93 4.93 96.11 Fine Sand 200 41.60
0.000019 0.000488 11.00 3.49 3.49 99.60 Silt >0.005 mm 12.79
0.000015 0.000375 11.38 0.40 0.40 100.00 Clay <0.005 mm 15.91
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-05 at 18.9
Project No: 41009205.0109707 Depth, ft: 18.9


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.82 0.0223 0.567
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.09 0.0186 0.471
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.27 0.0163 0.415
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.47 0.0142 0.362
0.0468 1.189 -0.25 16 0.07 0.07 0.07 40 1.66 0.0125 0.318
0.0331 0.841 0.25 20 1.55 1.55 1.62 50 1.77 0.0115 0.293
0.0278 0.707 0.50 25 1.12 1.12 2.74 60 1.91 0.0105 0.267
0.0234 0.595 0.75 30 1.36 1.36 4.10 75 2.14 0.0089 0.227
0.0197 0.500 1.00 35 3.23 3.23 7.33 84 2.34 0.0078 0.197
0.0166 0.420 1.25 40 7.80 7.80 15.13 90 2.58 0.0066 0.167
0.0139 0.354 1.50 45 11.40 11.40 26.53 95 3.19 0.0043 0.110
0.0117 0.297 1.75 50 21.70 21.70 48.24
0.0098 0.250 2.00 60 18.90 18.90 67.14 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 14.00 14.00 81.14 Median, phi 1.77 1.77 1.77
0.0070 0.177 2.50 80 7.75 7.75 88.89 Median, in. 0.0115 0.0115 0.0115
0.0059 0.149 2.75 100 3.46 3.46 92.35 Median, mm 0.293 0.293 0.293
0.0049 0.125 3.00 120 1.77 1.77 94.12
0.0041 0.105 3.25 140 1.18 1.18 95.31 Mean, phi 1.76 1.81 1.79
0.0035 0.088 3.50 170 0.78 0.78 96.09 Mean, in. 0.0116 0.0113 0.0113
0.0029 0.074 3.75 200 0.45 0.45 96.54 Mean, mm 0.294 0.286 0.288
0.0025 0.063 4.00 230 0.31 0.31 96.85
0.0021 0.053 4.25 270 0.26 0.26 97.11 Sorting 1.263 0.537 0.627


0.00174 0.0442 4.50 325 0.19 0.19 97.30 Skewness 0.979 0.060 0.127
0.00146 0.0372 4.75 400 0.13 0.13 97.43 Kurtosis 0.222 1.204 1.439
0.00123 0.0313 5.00 450 0.11 0.11 97.54 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.14 0.14 97.68 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.14 0.14 97.82
0.000615 0.0156 6.00 0.14 0.14 97.96 Description Retained Weight
0.000435 0.0110 6.50 0.17 0.17 98.13 on Sieve # Percent
0.000308 0.00781 7.00 0.18 0.18 98.31 Gravel 4 0.00
0.000197 0.00500 7.65 0.27 0.27 98.58 Coarse Sand 10 0.00
0.000077 0.00195 9.00 0.60 0.60 99.18 Medium Sand 40 15.13
0.000038 0.000977 10.00 0.46 0.46 99.64 Fine Sand 200 81.41
0.000019 0.000488 11.00 0.33 0.33 99.97 Silt >0.005 mm 2.04
0.000015 0.000375 11.38 0.03 0.03 100.00 Clay <0.005 mm 1.42
TOTALS 100.00 100.00 100.00 Total 100


 © PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610


0


5


10


15


20


25


6.
35


1


3.
36


4


1.
18


9


0.
70


7


0.
50


0


0.
35


4


0.
25


0


0.
17


7


0.
12


5


0.
08


8


0.
06


3


0.
04


42


0.
03


13


0.
02


01


0.
01


10


0.
00


50
0


0.
00


09
77


0.
00


03
75


Particle Size, mm


R
et


ai
ne


d 
W


t.,
 %


..


0


10


20


30


40


50


60


70


80


90


100


C
um


ul
at


iv
e 


W
t.,


 %
..


ClaySilt
medium


Sand Size
crs fine


Grv







PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-05 at 20.1
Project No: 41009205.0109707 Depth, ft: 20.1


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.88 0.0214 0.543
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.23 0.0168 0.426
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.46 0.0143 0.362
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.65 0.0126 0.319
0.0468 1.189 -0.25 16 0.05 0.05 0.05 40 1.92 0.0104 0.265
0.0331 0.841 0.25 20 1.39 1.39 1.44 50 2.11 0.0091 0.231
0.0278 0.707 0.50 25 1.20 1.20 2.64 60 2.35 0.0077 0.196
0.0234 0.595 0.75 30 1.28 1.28 3.92 75 3.56 0.0033 0.085
0.0197 0.500 1.00 35 2.06 2.06 5.98 84 6.51 0.0004 0.011
0.0166 0.420 1.25 40 4.37 4.37 10.35 90 8.12 0.0001 0.004
0.0139 0.354 1.50 45 6.57 6.57 16.92 95 9.40 0.0001 0.001
0.0117 0.297 1.75 50 13.80 13.80 30.72
0.0098 0.250 2.00 60 13.80 13.80 44.52 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 12.20 12.20 56.72 Median, phi 2.11 2.11 2.11
0.0070 0.177 2.50 80 8.36 8.36 65.07 Median, in. 0.0091 0.0091 0.0091
0.0059 0.149 2.75 100 4.63 4.63 69.70 Median, mm 0.231 0.231 0.231
0.0049 0.125 3.00 120 2.52 2.52 72.22
0.0041 0.105 3.25 140 1.54 1.54 73.76 Mean, phi 2.31 3.99 3.36
0.0035 0.088 3.50 170 1.06 1.06 74.82 Mean, in. 0.0080 0.0025 0.0038
0.0029 0.074 3.75 200 0.76 0.76 75.58 Mean, mm 0.202 0.063 0.097
0.0025 0.063 4.00 230 0.60 0.60 76.18
0.0021 0.053 4.25 270 0.57 0.57 76.75 Sorting 1.940 2.520 2.552


0.00174 0.0442 4.50 325 0.65 0.65 77.40 Skewness 0.712 0.743 0.727
0.00146 0.0372 4.75 400 0.72 0.72 78.12 Kurtosis 0.277 0.691 1.827
0.00123 0.0313 5.00 450 0.78 0.78 78.90 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 1.07 1.07 79.97 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 1.13 1.13 81.10
0.000615 0.0156 6.00 1.22 1.22 82.32 Description Retained Weight
0.000435 0.0110 6.50 1.66 1.66 83.98 on Sieve # Percent
0.000308 0.00781 7.00 1.74 1.74 85.72 Gravel 4 0.00
0.000197 0.00500 7.65 2.40 2.40 88.12 Coarse Sand 10 0.00
0.000077 0.00195 9.00 5.35 5.35 93.47 Medium Sand 40 10.35
0.000038 0.000977 10.00 3.78 3.78 97.25 Fine Sand 200 65.23
0.000019 0.000488 11.00 2.48 2.48 99.73 Silt >0.005 mm 12.54
0.000015 0.000375 11.38 0.27 0.27 100.00 Clay <0.005 mm 11.88
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-05 at 21.2
Project No: 41009205.0109707 Depth, ft: 21.2


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.26 0.0164 0.417
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.51 0.0138 0.350
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.62 0.0128 0.325
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.78 0.0115 0.292
0.0468 1.189 -0.25 16 0.08 0.08 0.08 40 1.98 0.0100 0.253
0.0331 0.841 0.25 20 1.13 1.13 1.21 50 2.12 0.0091 0.230
0.0278 0.707 0.50 25 0.26 0.26 1.47 60 2.25 0.0083 0.210
0.0234 0.595 0.75 30 0.28 0.28 1.75 75 2.58 0.0066 0.167
0.0197 0.500 1.00 35 0.92 0.92 2.67 84 3.11 0.0046 0.116
0.0166 0.420 1.25 40 2.12 2.12 4.80 90 4.27 0.0020 0.052
0.0139 0.354 1.50 45 4.45 4.45 9.25 95 6.82 0.0003 0.009
0.0117 0.297 1.75 50 13.90 13.90 23.15
0.0098 0.250 2.00 60 18.20 18.21 41.36 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 18.40 18.41 59.76 Median, phi 2.12 2.12 2.12
0.0070 0.177 2.50 80 13.00 13.00 72.77 Median, in. 0.0091 0.0091 0.0091
0.0059 0.149 2.75 100 6.81 6.81 79.58 Median, mm 0.230 0.230 0.230
0.0049 0.125 3.00 120 3.49 3.49 83.07
0.0041 0.105 3.25 140 2.17 2.17 85.24 Mean, phi 2.12 2.36 2.28
0.0035 0.088 3.50 170 1.56 1.56 86.80 Mean, in. 0.0090 0.0076 0.0081
0.0029 0.074 3.75 200 1.26 1.26 88.06 Mean, mm 0.230 0.194 0.206
0.0025 0.063 4.00 230 1.05 1.05 89.11
0.0021 0.053 4.25 270 0.84 0.84 89.95 Sorting 1.322 0.743 1.214


0.00174 0.0442 4.50 325 0.74 0.74 90.69 Skewness 0.958 0.332 0.512
0.00146 0.0372 4.75 400 0.65 0.65 91.34 Kurtosis 0.210 2.742 2.825
0.00123 0.0313 5.00 450 0.56 0.56 91.90 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.64 0.64 92.54 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.61 0.61 93.15
0.000615 0.0156 6.00 0.61 0.61 93.76 Description Retained Weight
0.000435 0.0110 6.50 0.76 0.76 94.53 on Sieve # Percent
0.000308 0.00781 7.00 0.74 0.74 95.27 Gravel 4 0.00
0.000197 0.00500 7.65 0.93 0.93 96.20 Coarse Sand 10 0.00
0.000077 0.00195 9.00 1.81 1.81 98.01 Medium Sand 40 4.80
0.000038 0.000977 10.00 1.13 1.13 99.14 Fine Sand 200 83.27
0.000019 0.000488 11.00 0.78 0.78 99.92 Silt >0.005 mm 8.13
0.000015 0.000375 11.38 0.08 0.08 100.00 Clay <0.005 mm 3.80
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-06 at 18.8
Project No: 41009205.0109707 Depth, ft: 18.8


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.82 0.0223 0.568
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.07 0.0188 0.477
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.25 0.0166 0.421
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.45 0.0144 0.367
0.0468 1.189 -0.25 16 0.63 0.63 0.63 40 1.66 0.0125 0.316
0.0331 0.841 0.25 20 1.33 1.33 1.96 50 1.80 0.0113 0.288
0.0278 0.707 0.50 25 0.80 0.80 2.76 60 1.96 0.0101 0.258
0.0234 0.595 0.75 30 1.25 1.25 4.01 75 2.29 0.0081 0.205
0.0197 0.500 1.00 35 3.68 3.68 7.69 84 2.67 0.0062 0.157
0.0166 0.420 1.25 40 8.37 8.37 16.06 90 3.15 0.0044 0.113
0.0139 0.354 1.50 45 11.30 11.30 27.36 95 5.13 0.0011 0.029
0.0117 0.297 1.75 50 19.70 19.70 47.06
0.0098 0.250 2.00 60 15.70 15.70 62.75 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 11.20 11.20 73.95 Median, phi 1.80 1.80 1.80
0.0070 0.177 2.50 80 6.88 6.88 80.83 Median, in. 0.0113 0.0113 0.0113
0.0059 0.149 2.75 100 4.53 4.53 85.36 Median, mm 0.288 0.288 0.288
0.0049 0.125 3.00 120 3.35 3.35 88.71
0.0041 0.105 3.25 140 2.20 2.20 90.91 Mean, phi 1.81 1.96 1.91
0.0035 0.088 3.50 170 1.26 1.26 92.17 Mean, in. 0.0112 0.0101 0.0105
0.0029 0.074 3.75 200 0.77 0.77 92.94 Mean, mm 0.286 0.257 0.267
0.0025 0.063 4.00 230 0.53 0.53 93.47
0.0021 0.053 4.25 270 0.39 0.39 93.86 Sorting 1.338 0.713 1.009


0.00174 0.0442 4.50 325 0.34 0.34 94.20 Skewness 0.952 0.231 0.388
0.00146 0.0372 4.75 400 0.33 0.33 94.53 Kurtosis 0.222 2.020 2.102
0.00123 0.0313 5.00 450 0.32 0.32 94.85 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.38 0.38 95.23 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.37 0.37 95.60
0.000615 0.0156 6.00 0.39 0.39 95.99 Description Retained Weight
0.000435 0.0110 6.50 0.50 0.50 96.49 on Sieve # Percent
0.000308 0.00781 7.00 0.49 0.49 96.98 Gravel 4 0.00
0.000197 0.00500 7.65 0.62 0.62 97.60 Coarse Sand 10 0.00
0.000077 0.00195 9.00 1.17 1.17 98.77 Medium Sand 40 16.06
0.000038 0.000977 10.00 0.70 0.70 99.47 Fine Sand 200 76.88
0.000019 0.000488 11.00 0.48 0.48 99.95 Silt >0.005 mm 4.66
0.000015 0.000375 11.38 0.05 0.05 100.00 Clay <0.005 mm 2.40
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-06 at 19.15
Project No: 41009205.0109707 Depth, ft: 19.15


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.26 0.0164 0.418
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.53 0.0137 0.347
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.71 0.0121 0.306
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 2.00 0.0098 0.250
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 3.23 0.0042 0.107
0.0331 0.841 0.25 20 0.08 0.08 0.08 50 5.26 0.0010 0.026
0.0278 0.707 0.50 25 0.36 0.36 0.44 60 6.48 0.0004 0.011
0.0234 0.595 0.75 30 0.54 0.54 0.98 75 8.08 0.0001 0.004
0.0197 0.500 1.00 35 1.09 1.09 2.07 84 8.93 0.0001 0.002
0.0166 0.420 1.25 40 2.77 2.77 4.84 90 9.58 0.0001 0.001
0.0139 0.354 1.50 45 4.22 4.22 9.06 95 10.21 0.0000 0.001
0.0117 0.297 1.75 50 8.35 8.35 17.41
0.0098 0.250 2.00 60 7.62 7.62 25.03 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 6.10 6.10 31.13 Median, phi 5.26 5.26 5.26
0.0070 0.177 2.50 80 3.94 3.94 35.07 Median, in. 0.0010 0.0010 0.0010
0.0059 0.149 2.75 100 2.36 2.36 37.43 Median, mm 0.026 0.026 0.026
0.0049 0.125 3.00 120 1.57 1.57 39.00
0.0041 0.105 3.25 140 1.09 1.09 40.09 Mean, phi 2.98 5.32 5.30
0.0035 0.088 3.50 170 0.77 0.77 40.86 Mean, in. 0.0050 0.0010 0.0010
0.0029 0.074 3.75 200 0.62 0.62 41.48 Mean, mm 0.127 0.025 0.025
0.0025 0.063 4.00 230 0.63 0.63 42.11
0.0021 0.053 4.25 270 0.78 0.78 42.89 Sorting 8.218 3.611 3.162


0.00174 0.0442 4.50 325 1.13 1.13 44.02 Skewness 1.168 0.016 0.061
0.00146 0.0372 4.75 400 1.61 1.61 45.63 Kurtosis 0.357 0.240 0.604
0.00123 0.0313 5.00 450 2.03 2.03 47.66 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 2.86 2.86 50.52 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 2.82 2.82 53.34
0.000615 0.0156 6.00 2.91 2.91 56.25 Description Retained Weight
0.000435 0.0110 6.50 3.87 3.87 60.13 on Sieve # Percent
0.000308 0.00781 7.00 4.22 4.22 64.35 Gravel 4 0.00
0.000197 0.00500 7.65 6.10 6.10 70.45 Coarse Sand 10 0.00
0.000077 0.00195 9.00 14.30 14.30 84.75 Medium Sand 40 4.84
0.000038 0.000977 10.00 9.06 9.06 93.81 Fine Sand 200 36.64
0.000019 0.000488 11.00 5.59 5.59 99.40 Silt >0.005 mm 28.96
0.000015 0.000375 11.38 0.60 0.60 100.00 Clay <0.005 mm 29.55
TOTALS 100.00 100.00 100.00 Total 100


 © PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610


0


2


4


6


8


10


12


14


16


6.
35


1


3.
36


4


1.
18


9


0.
70


7


0.
50


0


0.
35


4


0.
25


0


0.
17


7


0.
12


5


0.
08


8


0.
06


3


0.
04


42


0.
03


13


0.
02


01


0.
01


10


0.
00


50
0


0.
00


09
77


0.
00


03
75


Particle Size, mm


R
et


ai
ne


d 
W


t.,
 %


..


0


10


20


30


40


50


60


70


80


90


100


C
um


ul
at


iv
e 


W
t.,


 %
..


ClaySilt
medium


Sand Size
crs fine


Grv







PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 39601
Project: Elementis, Corpus Christi, TX Sample ID: PSS-06 at 20.8
Project No: 41009205.0109707 Depth, ft: 20.8


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.32 0.0157 0.400
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.60 0.0130 0.330
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.82 0.0111 0.283
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 2.18 0.0087 0.220
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 4.07 0.0024 0.060
0.0331 0.841 0.25 20 0.09 0.09 0.09 50 5.13 0.0011 0.028
0.0278 0.707 0.50 25 0.42 0.42 0.51 60 6.02 0.0006 0.015
0.0234 0.595 0.75 30 0.60 0.60 1.11 75 7.72 0.0002 0.005
0.0197 0.500 1.00 35 0.92 0.92 2.03 84 8.69 0.0001 0.002
0.0166 0.420 1.25 40 2.05 2.05 4.08 90 9.40 0.0001 0.001
0.0139 0.354 1.50 45 3.20 3.20 7.28 95 10.06 0.0000 0.001
0.0117 0.297 1.75 50 6.80 6.80 14.08
0.0098 0.250 2.00 60 6.71 6.71 20.79 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 5.79 5.79 26.58 Median, phi 5.13 5.13 5.13
0.0070 0.177 2.50 80 4.05 4.05 30.63 Median, in. 0.0011 0.0011 0.0011
0.0059 0.149 2.75 100 2.63 2.63 33.26 Median, mm 0.028 0.028 0.028
0.0049 0.125 3.00 120 1.83 1.83 35.09
0.0041 0.105 3.25 140 1.34 1.34 36.43 Mean, phi 3.15 5.26 5.22
0.0035 0.088 3.50 170 1.06 1.06 37.49 Mean, in. 0.0044 0.0010 0.0011
0.0029 0.074 3.75 200 0.99 0.99 38.48 Mean, mm 0.113 0.026 0.027
0.0025 0.063 4.00 230 1.13 1.13 39.61
0.0021 0.053 4.25 270 1.48 1.48 41.09 Sorting 6.812 3.436 3.043


0.00174 0.0442 4.50 325 2.01 2.01 43.10 Skewness 1.135 0.036 0.082
0.00146 0.0372 4.75 400 2.48 2.48 45.58 Kurtosis 0.328 0.272 0.647
0.00123 0.0313 5.00 450 2.82 2.82 48.40 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 3.84 3.84 52.24 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 3.80 3.80 56.04
0.000615 0.0156 6.00 3.79 3.79 59.84 Description Retained Weight
0.000435 0.0110 6.50 4.54 4.54 64.38 on Sieve # Percent
0.000308 0.00781 7.00 4.30 4.30 68.68 Gravel 4 0.00
0.000197 0.00500 7.65 5.65 5.65 74.33 Coarse Sand 10 0.00
0.000077 0.00195 9.00 12.50 12.50 86.83 Medium Sand 40 4.08
0.000038 0.000977 10.00 7.86 7.86 94.69 Fine Sand 200 34.40
0.000019 0.000488 11.00 4.80 4.80 99.49 Silt >0.005 mm 35.84
0.000015 0.000375 11.38 0.51 0.51 100.00 Clay <0.005 mm 25.67
TOTALS 100.00 100.00 100.00 Total 100
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2007 Physical Properties Data 







PTS Laboratories, Inc. URS Corporation
PTS File No: 37402


PROJECT NAME: El Paso/Elementis
PROJECT NO: 41008478.0301


Median Particle Size Distribution, wt. percent Silt
Mean Grain Size Grain Size Sand Size & 


Sample ID Depth, ft. Description (1) mm Gravel Coarse Medium Fine Silt Clay Clay


DG-PET-02 (20-22) 20.2 Fine sand 0.275 0.00 0.00 10.51 83.14 4.55 1.81 6.36


DG-PET-02 (20-22) 20.5 Fine sand 0.211 0.00 0.00 8.17 75.68 10.50 5.66 16.15


DG-PET-02 (20-22) 21.1 Fine sand 0.178 0.00 0.00 2.25 86.37 7.95 3.43 11.38


DG-PET-02 (22-24) 22.1 Fine sand 0.251 0.00 0.00 10.78 79.24 6.61 3.37 9.98


PARTICLE SIZE SUMMARY
(METHODOLOGY:  ASTM  D422/D4464M)


(1) Based on Mean from Trask







PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 37402
Project: El Paso/Elementis Sample ID: DG-PET-02 (20-22)
Project No: Depth, ft: 20.2


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.04 0.0192 0.487
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.23 0.0168 0.426
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.38 0.0151 0.383
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.55 0.0134 0.341
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 1.73 0.0119 0.301
0.0331 0.841 0.25 20 0.61 0.61 0.61 50 1.86 0.0108 0.275
0.0278 0.707 0.50 25 0.78 0.78 1.39 60 2.00 0.0099 0.250
0.0234 0.595 0.75 30 0.56 0.56 1.95 75 2.26 0.0082 0.208
0.0197 0.500 1.00 35 2.08 2.08 4.03 84 2.56 0.0067 0.170
0.0166 0.420 1.25 40 6.48 6.48 10.51 90 3.04 0.0048 0.122
0.0139 0.354 1.50 45 10.30 10.30 20.80 95 4.73 0.0015 0.038
0.0117 0.297 1.75 50 20.70 20.69 41.49
0.0098 0.250 2.00 60 18.70 18.69 60.19 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 14.40 14.39 74.58 Median, phi 1.86 1.86 1.86
0.0070 0.177 2.50 80 8.48 8.48 83.06 Median, in. 0.0108 0.0108 0.0108
0.0059 0.149 2.75 100 4.22 4.22 87.28 Median, mm 0.275 0.275 0.275
0.0049 0.125 3.00 120 2.47 2.47 89.74
0.0041 0.105 3.25 140 1.77 1.77 91.51 Mean, phi 1.86 1.97 1.93
0.0035 0.088 3.50 170 1.27 1.27 92.78 Mean, in. 0.0108 0.0101 0.0103
0.0029 0.074 3.75 200 0.86 0.86 93.64 Mean, mm 0.275 0.255 0.262
0.0025 0.063 4.00 230 0.55 0.55 94.19
0.0021 0.053 4.25 270 0.34 0.34 94.53 Sorting 1.280 0.586 0.852


0.00174 0.0442 4.50 325 0.25 0.25 94.78 Skewness 0.971 0.181 0.366
0.00146 0.0372 4.75 400 0.24 0.24 95.02 Kurtosis 0.218 2.146 2.124
0.00123 0.0313 5.00 450 0.25 0.25 95.27 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.35 0.35 95.62 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.40 0.40 96.02
0.000615 0.0156 6.00 0.45 0.45 96.47 Description Retained Weight
0.000435 0.0110 6.50 0.59 0.59 97.06 on Sieve # Percent
0.000308 0.00781 7.00 0.54 0.54 97.60 Gravel 4 0.00
0.000197 0.00500 7.65 0.59 0.59 98.19 Coarse Sand 10 0.00
0.000077 0.00195 9.00 0.88 0.88 99.07 Medium Sand 40 10.51
0.000038 0.000977 10.00 0.52 0.52 99.59 Fine Sand 200 83.14
0.000019 0.000488 11.00 0.37 0.37 99.96 Silt >0.005 mm 4.55
0.000015 0.000375 11.38 0.04 0.04 100.00 Clay <0.005 mm 1.81
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 37402
Project: El Paso/Elementis Sample ID: DG-PET-02 (20-22)
Project No: Depth, ft: 20.5


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.96 0.0203 0.515
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.38 0.0151 0.384
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.61 0.0129 0.328
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.81 0.0112 0.285
0.0468 1.189 -0.25 16 0.15 0.15 0.15 40 2.08 0.0093 0.237
0.0331 0.841 0.25 20 2.39 2.39 2.54 50 2.24 0.0083 0.211
0.0278 0.707 0.50 25 0.60 0.60 3.14 60 2.44 0.0072 0.184
0.0234 0.595 0.75 30 0.39 0.39 3.53 75 2.93 0.0052 0.132
0.0197 0.500 1.00 35 1.77 1.77 5.30 84 3.78 0.0029 0.073
0.0166 0.420 1.25 40 2.87 2.87 8.17 90 5.82 0.0007 0.018
0.0139 0.354 1.50 45 3.50 3.50 11.67 95 7.96 0.0002 0.004
0.0117 0.297 1.75 50 10.10 10.10 21.76
0.0098 0.250 2.00 60 13.70 13.69 35.46 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 15.00 14.99 50.45 Median, phi 2.24 2.24 2.24
0.0070 0.177 2.50 80 12.50 12.50 62.94 Median, in. 0.0083 0.0083 0.0083
0.0059 0.149 2.75 100 8.40 8.40 71.34 Median, mm 0.211 0.211 0.211
0.0049 0.125 3.00 120 5.21 5.21 76.55
0.0041 0.105 3.25 140 3.44 3.44 79.99 Mean, phi 2.26 2.70 2.54
0.0035 0.088 3.50 170 2.31 2.31 82.30 Mean, in. 0.0082 0.0061 0.0067
0.0029 0.074 3.75 200 1.55 1.55 83.85 Mean, mm 0.208 0.154 0.171
0.0025 0.063 4.00 230 1.10 1.10 84.95
0.0021 0.053 4.25 270 0.72 0.72 85.67 Sorting 1.472 1.089 1.606


0.00174 0.0442 4.50 325 0.60 0.60 86.27 Skewness 0.917 0.417 0.525
0.00146 0.0372 4.75 400 0.66 0.66 86.93 Kurtosis 0.210 2.218 2.572
0.00123 0.0313 5.00 450 0.73 0.73 87.65 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.94 0.94 88.59 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.93 0.93 89.52
0.000615 0.0156 6.00 0.94 0.94 90.46 Description Retained Weight
0.000435 0.0110 6.50 1.17 1.17 91.63 on Sieve # Percent
0.000308 0.00781 7.00 1.20 1.20 92.83 Gravel 4 0.00
0.000197 0.00500 7.65 1.51 1.51 94.34 Coarse Sand 10 0.00
0.000077 0.00195 9.00 2.79 2.79 97.13 Medium Sand 40 8.17
0.000038 0.000977 10.00 1.57 1.57 98.70 Fine Sand 200 75.68
0.000019 0.000488 11.00 1.17 1.17 99.87 Silt >0.005 mm 10.50
0.000015 0.000375 11.38 0.13 0.13 100.00 Clay <0.005 mm 5.66
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 37402
Project: El Paso/Elementis Sample ID: DG-PET-02 (20-22)
Project No: Depth, ft: 21.1


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 1.58 0.0132 0.334
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.79 0.0114 0.290
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.93 0.0103 0.262
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 2.10 0.0092 0.233
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 2.34 0.0078 0.197
0.0331 0.841 0.25 20 0.00 0.00 0.00 50 2.49 0.0070 0.178
0.0278 0.707 0.50 25 0.00 0.00 0.00 60 2.65 0.0063 0.159
0.0234 0.595 0.75 30 0.09 0.09 0.09 75 2.97 0.0050 0.128
0.0197 0.500 1.00 35 1.05 1.05 1.14 84 3.32 0.0039 0.100
0.0166 0.420 1.25 40 1.11 1.11 2.25 90 4.07 0.0023 0.059
0.0139 0.354 1.50 45 1.08 1.08 3.33 95 6.62 0.0004 0.010
0.0117 0.297 1.75 50 5.19 5.19 8.52
0.0098 0.250 2.00 60 10.30 10.30 18.82 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 15.10 15.09 33.91 Median, phi 2.49 2.49 2.49
0.0070 0.177 2.50 80 16.90 16.89 50.81 Median, in. 0.0070 0.0070 0.0070
0.0059 0.149 2.75 100 14.90 14.89 65.70 Median, mm 0.178 0.178 0.178
0.0049 0.125 3.00 120 10.70 10.70 76.40
0.0041 0.105 3.25 140 6.54 6.54 82.93 Mean, phi 2.47 2.63 2.58
0.0035 0.088 3.50 170 3.66 3.66 86.59 Mean, in. 0.0071 0.0064 0.0066
0.0029 0.074 3.75 200 2.03 2.03 88.62 Mean, mm 0.180 0.162 0.167
0.0025 0.063 4.00 230 1.17 1.17 89.79
0.0021 0.053 4.25 270 0.71 0.71 90.50 Sorting 1.350 0.696 1.112


0.00174 0.0442 4.50 325 0.55 0.55 91.05 Skewness 0.968 0.200 0.420
0.00146 0.0372 4.75 400 0.52 0.52 91.57 Kurtosis 0.228 2.623 2.388
0.00123 0.0313 5.00 450 0.51 0.51 92.08 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.64 0.64 92.72 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.64 0.64 93.36
0.000615 0.0156 6.00 0.64 0.64 94.00 Description Retained Weight
0.000435 0.0110 6.50 0.81 0.81 94.81 on Sieve # Percent
0.000308 0.00781 7.00 0.79 0.79 95.60 Gravel 4 0.00
0.000197 0.00500 7.65 0.97 0.97 96.57 Coarse Sand 10 0.00
0.000077 0.00195 9.00 1.70 1.70 98.27 Medium Sand 40 2.25
0.000038 0.000977 10.00 0.98 0.98 99.25 Fine Sand 200 86.37
0.000019 0.000488 11.00 0.68 0.68 99.93 Silt >0.005 mm 7.95
0.000015 0.000375 11.38 0.07 0.07 100.00 Clay <0.005 mm 3.43
TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M


Client: URS Corporation PTS File No: 37402
Project: El Paso/Elementis Sample ID: DG-PET-02 (22-24)
Project No: Depth, ft: 22.1


Sample Increment Cumulative Cumulative Weight Percent greater than
Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size


Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters
0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 0.92 0.0207 0.527
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 1.21 0.0170 0.432
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 1.43 0.0146 0.371
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 1.61 0.0129 0.327
0.0468 1.189 -0.25 16 0.01 0.01 0.01 40 1.84 0.0110 0.278
0.0331 0.841 0.25 20 1.23 1.23 1.24 50 2.00 0.0099 0.251
0.0278 0.707 0.50 25 0.85 0.85 2.09 60 2.17 0.0088 0.223
0.0234 0.595 0.75 30 1.15 1.15 3.24 75 2.50 0.0070 0.177
0.0197 0.500 1.00 35 2.53 2.53 5.77 84 2.97 0.0050 0.128
0.0166 0.420 1.25 40 5.01 5.01 10.78 90 3.75 0.0029 0.075
0.0139 0.354 1.50 45 7.19 7.19 17.97 95 6.38 0.0005 0.012
0.0117 0.297 1.75 50 15.80 15.80 33.77
0.0098 0.250 2.00 60 16.50 16.50 50.27 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 14.70 14.70 64.97 Median, phi 2.00 2.00 2.00
0.0070 0.177 2.50 80 10.10 10.10 75.07 Median, in. 0.0099 0.0099 0.0099
0.0059 0.149 2.75 100 5.83 5.83 80.90 Median, mm 0.251 0.251 0.251
0.0049 0.125 3.00 120 3.60 3.60 84.50
0.0041 0.105 3.25 140 2.50 2.50 87.00 Mean, phi 1.99 2.20 2.13
0.0035 0.088 3.50 170 1.75 1.75 88.75 Mean, in. 0.0099 0.0086 0.0090
0.0029 0.074 3.75 200 1.27 1.27 90.02 Mean, mm 0.252 0.218 0.228
0.0025 0.063 4.00 230 0.95 0.95 90.97
0.0021 0.053 4.25 270 0.68 0.68 91.65 Sorting 1.360 0.767 1.209


0.00174 0.0442 4.50 325 0.53 0.53 92.18 Skewness 0.960 0.264 0.435
0.00146 0.0372 4.75 400 0.46 0.46 92.64 Kurtosis 0.210 2.554 2.519
0.00123 0.0313 5.00 450 0.41 0.41 93.05 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 0.50 0.50 93.55 (ASTM-USCS Scale) (based on Mean from Trask)
0.000790 0.0201 5.64 635 0.48 0.48 94.03
0.000615 0.0156 6.00 0.49 0.49 94.52 Description Retained Weight
0.000435 0.0110 6.50 0.64 0.64 95.16 on Sieve # Percent
0.000308 0.00781 7.00 0.65 0.65 95.81 Gravel 4 0.00
0.000197 0.00500 7.65 0.82 0.82 96.63 Coarse Sand 10 0.00
0.000077 0.00195 9.00 1.61 1.61 98.24 Medium Sand 40 10.78
0.000038 0.000977 10.00 1.01 1.01 99.25 Fine Sand 200 79.24
0.000019 0.000488 11.00 0.68 0.68 99.93 Silt >0.005 mm 6.61
0.000015 0.000375 11.38 0.07 0.07 100.00 Clay <0.005 mm 3.37
TOTALS 100.00 100.00 100.00 Total 100
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Appendix D 
 


Capillary Pressure Curves 







Summaries 
 


Sample Properties - Air/Water Capillary Pressure 
Permeability Data - Air/Water Capillary Pressure







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


API RP 40 /
METHODS: ASTM D2216 API RP 40


SAMPLE MOISTURE DENSITY TOTAL PORE FLUID
SAMPLE DEPTH, ORIENTATION CONTENT, BULK, GRAIN, AIR SATURATIONS (3),


ID. ft. (1) % weight g/cc g/cc TOTAL FILLED % Pv


PSS-06 19.5 H 22.6 1.50 2.60 42.2 9.0 78.6


PSS-06 20.1 H 8.9 1.54 2.66 42.3 29.2 31.0


PSS-04 19.3 H 17.3 1.65 2.63 37.1 9.1 75.4


PSS-04 20.1 H 19.9 1.60 2.64 39.4 8.3 78.9


PSS-04 21.3 H 20.6 1.56 2.64 40.9 9.1 77.8


PSS-05 19.3 H 15.1 1.45 2.63 45.1 23.7 47.3


PSS-05 20.7 H 21.6 1.50 2.63 43.0 10.9 74.5


PSS-02 19.0 H 22.2 1.48 2.64 43.9 11.0 74.9


PSS-02 21.0 H 18.8 1.57 2.64 40.6 11.0 72.9


PSS-03 19.5 H 6.6 1.41 2.64 46.3 36.7 20.8


PSS-03 20.3 H 22.8 1.44 2.64 45.2 12.0 73.4


PSS-01 18.9 H 9.1 1.51 2.63 42.6 28.8 32.4


PSS-01 20.4 H 22.5 1.54 2.64 41.6 6.9 83.4


PSS-01 21.15 H 18.5 1.62 2.64 38.4 8.4 78.0


(1) Sample Orientation: H = horizontal; V = vertical
(2) Total Porosity = all interconnected pore channels; Air Filled = pore channels not occupied by pore fluids
(3) Water = 0.9996 g/cc
Vb = Bulk Volume, cc; Pv = Pore Volume, cc; ND = Not Detected


PTS Laboratories


POROSITY, %Vb (2)
API RP 40 API RP 40


SAMPLE PROPERTIES - AIR/WATER CAPILLARY PRESSURE







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


METHODS: API RP 40; EPA 9100


SPECIFIC SPECIFIC HYDRAULIC
SAMPLE DEPTH, SAMPLE PERMEABILITY TO AIR, PERMEABILITY TO WATER, CONDUCTIVITY,


ID. ft. ORIENTATION (1) millidarcy (2) millidarcy (3) cm/s (3)


PSS-06 19.5 H 427 0.12 1.15E-07


PSS-06 20.1 H 6374 3296 3.12E-03


PSS-04 19.3 H 5078 1049 1.01E-03


PSS-04 20.1 H 2621 70.7 6.81E-05


PSS-04 21.3 H 7779 3389 3.28E-03


PSS-05 19.3 H 7622 4163 3.96E-03


PSS-05 20.7 H 6569 3021 2.90E-03


PSS-02 19.0 H 6681 3736 3.57E-03


PSS-02 21.0 H 5117 1061 1.05E-03


PSS-03 19.5 H 6303 3437 3.34E-03


PSS-03 20.3 H 6951 2211 2.16E-03


PSS-01 18.9 H 5286 685 6.72E-04


PSS-01 20.4 H 3429 0.76 7.54E-07


PSS-01 21.15 H 1620 0.87 8.53E-07


(1) Sample Orientation: H = horizontal; V = vertical
(2) No pore fluids in place
(3) Permeability to water and hydraulic conductivity measured at saturated conditions


PTS Laboratories


25 PSI CONFINING STRESS 


PERMEABILITY DATA - AIR/WATER CAPILLARY PRESSURE







PSS-01 at 18.9 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 23.6
0.084 5.90 0.194 100.0 23.6
0.189 13.3 0.437 100.0 23.6
0.336 23.6 0.777 100.0 23.6
0.525 36.9 1.21 99.7 23.6
0.756 53.1 1.75 96.1 22.7
1.03 72.3 2.38 88.3 20.9
1.34 94.5 3.11 72.7 17.2
2.10 148 4.86 53.9 12.7
3.55 249 8.21 39.1 9.2
5.37 378 12.4 29.7 7.0
8.40 590 19.4 22.7 5.4
18.9 1328 43.7 16.4 3.9
33.6 2361 77.7 14.1 3.3


PTS Laboratories


Sample ID
PSS-01 at 18.9 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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PTS File No.: 39601


CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-01
Depth, ft: 18.9
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 18.9 ft.


van Genuchten Parameters
alpha (1/cm) 9.687E-03
n 2.374
residual water 0.133
total water 1.016
m 0.579
Water Perm (mD) 685
Air Perm (mD) 5286
R2 0.99618


Laboratory Measured Data
Capillary PSS-01 at 18.9 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.016 1.65%
5.90 1.000 1.016 1.59%
13.28 1.000 1.013 1.26%
23.61 1.000 1.001 0.14%
36.90 0.997 0.975 -2.21%
53.13 0.961 0.925 -3.69%
72.32 0.883 0.851 -3.57%
94.46 0.727 0.760 4.54%


147.59 0.539 0.573 6.22%
249.43 0.391 0.378 -3.14%
377.83 0.297 0.277 -6.60%
590.36 0.227 0.212 -6.32%
1328.31 0.164 0.159 -3.17%
2361.44 0.141 0.144 2.73%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 18.9 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.016 6.85E+02 7.42E-17
0.02 1.016 6.85E+02 9.80E-12
0.04 1.016 6.85E+02 1.50E-10
0.05 1.016 6.85E+02 3.61E-10
0.08 1.016 6.85E+02 2.30E-09
0.09 1.016 6.85E+02 3.65E-09


1 1.016 6.82E+02 4.77E-05
1.2 1.016 6.82E+02 9.77E-05
1.3 1.016 6.81E+02 1.34E-04
1.5 1.016 6.81E+02 2.35E-04
2 1.016 6.79E+02 7.29E-04
3 1.016 6.74E+02 3.60E-03
5 1.016 6.63E+02 2.68E-02
7 1.016 6.51E+02 1.01E-01
9 1.015 6.37E+02 2.70E-01
11 1.014 6.22E+02 5.94E-01
15 1.011 5.90E+02 2.00E+00
20 1.006 5.47E+02 6.10E+00
25 0.999 5.02E+02 1.44E+01
30 0.990 4.56E+02 2.87E+01
35 0.979 4.11E+02 5.08E+01
40 0.967 3.68E+02 8.25E+01
45 0.952 3.27E+02 1.25E+02
50 0.936 2.88E+02 1.80E+02
60 0.900 2.21E+02 3.25E+02
70 0.861 1.66E+02 5.18E+02
75 0.840 1.43E+02 6.29E+02
80 0.819 1.24E+02 7.48E+02
85 0.799 1.06E+02 8.74E+02
90 0.778 9.15E+01 1.00E+03
95 0.757 7.86E+01 1.14E+03


100 0.737 6.75E+01 1.27E+03
120 0.661 3.70E+01 1.81E+03
140 0.595 2.07E+01 2.31E+03
160 0.539 1.20E+01 2.74E+03
180 0.491 7.16E+00 3.10E+03
200 0.452 4.42E+00 3.39E+03
220 0.418 2.81E+00 3.64E+03
240 0.390 1.84E+00 3.84E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 18.9 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.366 1.24E+00 4.01E+03
280 0.345 8.55E-01 4.15E+03
300 0.328 6.02E-01 4.27E+03
320 0.312 4.33E-01 4.37E+03
340 0.299 3.16E-01 4.46E+03
360 0.287 2.35E-01 4.53E+03
380 0.276 1.77E-01 4.60E+03
400 0.267 1.35E-01 4.65E+03
420 0.258 1.05E-01 4.70E+03
440 0.251 8.17E-02 4.74E+03
460 0.244 6.46E-02 4.78E+03
480 0.238 5.15E-02 4.82E+03
500 0.232 4.14E-02 4.85E+03
550 0.220 2.49E-02 4.91E+03
600 0.211 1.56E-02 4.96E+03
650 0.202 1.02E-02 5.00E+03
700 0.196 6.81E-03 5.03E+03
750 0.190 4.69E-03 5.06E+03
800 0.185 3.31E-03 5.08E+03
850 0.181 2.39E-03 5.10E+03
900 0.177 1.75E-03 5.12E+03
950 0.174 1.31E-03 5.13E+03
1000 0.171 9.91E-04 5.14E+03
1050 0.169 7.61E-04 5.15E+03
1100 0.167 5.91E-04 5.16E+03
1150 0.165 4.65E-04 5.17E+03
1200 0.163 3.69E-04 5.18E+03
1250 0.161 2.96E-04 5.18E+03
1300 0.160 2.39E-04 5.19E+03
1350 0.158 1.95E-04 5.20E+03
1400 0.157 1.60E-04 5.20E+03
1450 0.156 1.32E-04 5.20E+03
1500 0.155 1.10E-04 5.21E+03
1550 0.154 9.20E-05 5.21E+03
1600 0.153 7.74E-05 5.22E+03
1650 0.152 6.55E-05 5.22E+03
1700 0.151 5.57E-05 5.22E+03
1750 0.151 4.76E-05 5.22E+03
1800 0.150 4.08E-05 5.23E+03
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 18.9 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.149 3.52E-05 5.23E+03
1900 0.149 3.05E-05 5.23E+03
1950 0.148 2.64E-05 5.23E+03
2000 0.148 2.30E-05 5.24E+03
2200 0.146 1.37E-05 5.24E+03
2400 0.144 8.56E-06 5.25E+03
2600 0.143 5.54E-06 5.25E+03
2800 0.142 3.70E-06 5.26E+03
3000 0.141 2.55E-06 5.26E+03
3200 0.140 1.79E-06 5.26E+03
3400 0.140 1.29E-06 5.26E+03
3600 0.139 9.45E-07 5.26E+03
3800 0.139 7.05E-07 5.27E+03
4000 0.138 5.33E-07 5.27E+03
4200 0.138 4.09E-07 5.27E+03
4400 0.138 3.18E-07 5.27E+03
4600 0.137 2.49E-07 5.27E+03
4800 0.137 1.98E-07 5.27E+03
5000 0.137 1.59E-07 5.27E+03
5200 0.137 1.28E-07 5.27E+03
5400 0.136 1.04E-07 5.27E+03
5600 0.136 8.56E-08 5.27E+03
5800 0.136 7.08E-08 5.28E+03
6000 0.136 5.88E-08 5.28E+03
6500 0.135 3.81E-08 5.28E+03
7000 0.135 2.55E-08 5.28E+03
7500 0.135 1.75E-08 5.28E+03
8000 0.135 1.23E-08 5.28E+03
8500 0.135 8.86E-09 5.28E+03
9000 0.134 6.49E-09 5.28E+03
9500 0.134 4.84E-09 5.28E+03


10000 0.134 3.66E-09 5.28E+03







CAPILLARY CURVE FIT: PSS-01 at 18.9 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-01 at 18.9 ft.
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PSS-01 at 20.4 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 29.4
0.082 5.76 0.190 100.0 29.4
0.184 13.0 0.426 100.0 29.4
0.328 23.0 0.758 100.0 29.4
0.512 36.0 1.18 100.0 29.4
0.737 51.8 1.71 100.0 29.4
1.00 70.5 2.32 100.0 29.4
1.31 92.1 3.03 99.7 29.3
2.05 144 4.74 98.7 29.0
3.46 243 8.01 97.4 28.6
5.24 369 12.1 96.2 28.2
8.19 576 19.0 94.3 27.7
18.4 1296 42.6 90.4 26.5
32.8 2303 75.8 87.2 25.6


Capillary Pressure


PTS Laboratories


Sample ID
PSS-01 at 20.4 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA
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Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-01
Depth, ft: 20.4
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 20.4 ft.


van Genuchten Parameters
alpha (1/cm) 2.373E-03
n 1.565
residual water 0.800
total water 1.001
m 0.361
Water Perm (mD) 0.76
Air Perm (mD) 3429
R2 0.99751


Laboratory Measured Data
Capillary PSS-01 at 20.4 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.001 0.12%
5.76 1.000 1.001 0.11%
12.96 1.000 1.001 0.09%
23.03 1.000 1.000 0.04%
35.99 1.000 1.000 -0.03%
51.83 1.000 0.999 -0.15%
70.54 1.000 0.997 -0.30%
92.14 0.997 0.995 -0.26%


143.97 0.987 0.989 0.20%
243.30 0.974 0.977 0.27%
368.55 0.962 0.962 0.07%
575.87 0.943 0.942 -0.07%
1295.70 0.904 0.901 -0.39%
2303.47 0.872 0.875 0.33%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 20.4 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.001 7.61E-01 3.55E-08
0.02 1.001 7.57E-01 1.10E-05
0.04 1.001 7.54E-01 4.13E-05
0.05 1.001 7.53E-01 6.33E-05
0.08 1.001 7.50E-01 1.56E-04
0.09 1.001 7.49E-01 1.95E-04


1 1.001 7.13E-01 1.96E-02
1.2 1.001 7.08E-01 2.77E-02
1.3 1.001 7.05E-01 3.23E-02
1.5 1.001 7.01E-01 4.25E-02
2 1.001 6.90E-01 7.37E-02
3 1.001 6.72E-01 1.60E-01
5 1.001 6.43E-01 4.25E-01
7 1.001 6.19E-01 8.09E-01
9 1.001 5.99E-01 1.31E+00
11 1.001 5.80E-01 1.92E+00
15 1.001 5.48E-01 3.46E+00
20 1.001 5.14E-01 5.99E+00
25 1.000 4.85E-01 9.14E+00
30 1.000 4.59E-01 1.29E+01
35 1.000 4.35E-01 1.73E+01
40 0.999 4.14E-01 2.22E+01
45 0.999 3.94E-01 2.76E+01
50 0.999 3.76E-01 3.36E+01
60 0.998 3.43E-01 4.71E+01
70 0.997 3.14E-01 6.24E+01
75 0.997 3.01E-01 7.07E+01
80 0.996 2.88E-01 7.95E+01
85 0.996 2.77E-01 8.86E+01
90 0.995 2.66E-01 9.81E+01
95 0.995 2.55E-01 1.08E+02


100 0.994 2.45E-01 1.18E+02
120 0.992 2.10E-01 1.62E+02
140 0.990 1.81E-01 2.10E+02
160 0.987 1.57E-01 2.61E+02
180 0.985 1.36E-01 3.15E+02
200 0.982 1.19E-01 3.71E+02
220 0.980 1.04E-01 4.27E+02
240 0.978 9.19E-02 4.85E+02


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 20.4 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.975 8.11E-02 5.42E+02
280 0.973 7.18E-02 5.99E+02
300 0.970 6.38E-02 6.56E+02
320 0.968 5.69E-02 7.12E+02
340 0.966 5.08E-02 7.67E+02
360 0.963 4.55E-02 8.20E+02
380 0.961 4.09E-02 8.73E+02
400 0.959 3.68E-02 9.25E+02
420 0.957 3.32E-02 9.75E+02
440 0.955 3.01E-02 1.02E+03
460 0.953 2.73E-02 1.07E+03
480 0.951 2.48E-02 1.12E+03
500 0.949 2.26E-02 1.16E+03
550 0.944 1.80E-02 1.27E+03
600 0.940 1.46E-02 1.36E+03
650 0.936 1.19E-02 1.45E+03
700 0.932 9.80E-03 1.54E+03
750 0.928 8.15E-03 1.61E+03
800 0.925 6.84E-03 1.68E+03
850 0.922 5.78E-03 1.75E+03
900 0.919 4.92E-03 1.81E+03
950 0.916 4.22E-03 1.86E+03
1000 0.914 3.64E-03 1.92E+03
1050 0.911 3.15E-03 1.96E+03
1100 0.909 2.75E-03 2.01E+03
1150 0.907 2.41E-03 2.05E+03
1200 0.904 2.12E-03 2.09E+03
1250 0.902 1.87E-03 2.13E+03
1300 0.901 1.66E-03 2.16E+03
1350 0.899 1.48E-03 2.20E+03
1400 0.897 1.32E-03 2.23E+03
1450 0.895 1.19E-03 2.26E+03
1500 0.894 1.07E-03 2.28E+03
1550 0.892 9.65E-04 2.31E+03
1600 0.891 8.73E-04 2.34E+03
1650 0.889 7.92E-04 2.36E+03
1700 0.888 7.21E-04 2.38E+03
1750 0.887 6.58E-04 2.40E+03
1800 0.885 6.01E-04 2.42E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 20.4 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.884 5.51E-04 2.44E+03
1900 0.883 5.06E-04 2.46E+03
1950 0.882 4.65E-04 2.48E+03
2000 0.881 4.29E-04 2.50E+03
2200 0.877 3.15E-04 2.56E+03
2400 0.874 2.38E-04 2.61E+03
2600 0.870 1.83E-04 2.65E+03
2800 0.868 1.43E-04 2.69E+03
3000 0.865 1.14E-04 2.73E+03
3200 0.863 9.22E-05 2.76E+03
3400 0.861 7.54E-05 2.79E+03
3600 0.859 6.23E-05 2.81E+03
3800 0.857 5.20E-05 2.83E+03
4000 0.856 4.38E-05 2.85E+03
4200 0.854 3.72E-05 2.87E+03
4400 0.853 3.19E-05 2.89E+03
4600 0.852 2.74E-05 2.91E+03
4800 0.850 2.38E-05 2.92E+03
5000 0.849 2.07E-05 2.94E+03
5200 0.848 1.82E-05 2.95E+03
5400 0.847 1.60E-05 2.96E+03
5600 0.846 1.42E-05 2.97E+03
5800 0.845 1.26E-05 2.98E+03
6000 0.845 1.12E-05 2.99E+03
6500 0.843 8.56E-06 3.01E+03
7000 0.841 6.66E-06 3.03E+03
7500 0.839 5.27E-06 3.05E+03
8000 0.838 4.24E-06 3.07E+03
8500 0.837 3.45E-06 3.08E+03
9000 0.836 2.84E-06 3.09E+03
9500 0.834 2.36E-06 3.10E+03


10000 0.833 1.99E-06 3.12E+03







CAPILLARY CURVE FIT: PSS-01 at 20.4 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-01 at 20.4 ft.
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PSS-01 at 21.15 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 22.3
0.061 4.31 0.142 100.0 22.3
0.138 9.7 0.319 100.0 22.3
0.245 17.2 0.568 100.0 22.3
0.383 26.9 0.89 100.0 22.3
0.552 38.8 1.28 100.0 22.3
0.75 52.8 1.74 99.7 22.3
0.98 69.0 2.27 98.7 22.0
1.53 108 3.55 97.0 21.7
2.59 182 5.99 93.7 20.9
3.92 276 9.1 91.4 20.4
6.13 431 14.2 89.0 19.9
13.8 970 31.9 83.5 18.7
24.5 1724 56.8 79.6 17.8


PTS Laboratories


Sample ID
PSS-01 at 21.15 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-01
Depth, ft: 21.15
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 21.15 ft.


van Genuchten Parameters
alpha (1/cm) 5.171E-03
n 1.511
residual water 0.703
total water 1.004
m 0.338
Water Perm (mD) 0.87
Air Perm (mD) 1620
R2 0.99635


Laboratory Measured Data
Capillary PSS-01 at 21.15 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.004 0.35%
4.31 1.000 1.003 0.32%
9.70 1.000 1.002 0.24%
17.24 1.000 1.001 0.09%
26.94 1.000 0.999 -0.15%
38.79 1.000 0.995 -0.49%
52.80 0.997 0.990 -0.64%
68.97 0.987 0.985 -0.28%


107.76 0.970 0.970 0.01%
182.11 0.937 0.944 0.75%
275.86 0.914 0.917 0.40%
431.03 0.890 0.886 -0.52%
969.83 0.835 0.831 -0.52%
1724.13 0.796 0.800 0.46%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 21.15 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.004 8.65E-01 3.78E-07
0.02 1.004 8.52E-01 7.77E-05
0.04 1.004 8.46E-01 2.66E-04
0.05 1.004 8.43E-01 3.96E-04
0.08 1.004 8.36E-01 9.13E-04
0.09 1.004 8.34E-01 1.13E-03


1 1.004 7.54E-01 8.13E-02
1.2 1.003 7.44E-01 1.12E-01
1.3 1.003 7.39E-01 1.30E-01
1.5 1.003 7.29E-01 1.67E-01
2 1.003 7.08E-01 2.79E-01
3 1.003 6.74E-01 5.72E-01
5 1.003 6.21E-01 1.42E+00
7 1.003 5.79E-01 2.57E+00
9 1.003 5.44E-01 4.00E+00
11 1.002 5.14E-01 5.70E+00
15 1.001 4.62E-01 9.81E+00
20 1.000 4.11E-01 1.62E+01
25 0.999 3.68E-01 2.37E+01
30 0.998 3.32E-01 3.24E+01
35 0.996 3.01E-01 4.20E+01
40 0.995 2.74E-01 5.24E+01
45 0.993 2.50E-01 6.35E+01
50 0.991 2.29E-01 7.52E+01
60 0.988 1.94E-01 1.00E+02
70 0.984 1.65E-01 1.27E+02
75 0.983 1.53E-01 1.41E+02
80 0.981 1.41E-01 1.55E+02
85 0.979 1.31E-01 1.69E+02
90 0.977 1.22E-01 1.83E+02
95 0.975 1.13E-01 1.98E+02


100 0.973 1.06E-01 2.12E+02
120 0.966 8.04E-02 2.70E+02
140 0.959 6.23E-02 3.26E+02
160 0.952 4.89E-02 3.80E+02
180 0.945 3.90E-02 4.31E+02
200 0.939 3.14E-02 4.79E+02
220 0.933 2.56E-02 5.24E+02
240 0.927 2.11E-02 5.66E+02


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 21.15 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.922 1.75E-02 6.06E+02
280 0.916 1.47E-02 6.42E+02
300 0.912 1.24E-02 6.77E+02
320 0.907 1.06E-02 7.08E+02
340 0.903 9.06E-03 7.38E+02
360 0.899 7.81E-03 7.66E+02
380 0.895 6.78E-03 7.92E+02
400 0.891 5.91E-03 8.16E+02
420 0.887 5.18E-03 8.39E+02
440 0.884 4.56E-03 8.60E+02
460 0.881 4.03E-03 8.80E+02
480 0.878 3.58E-03 8.99E+02
500 0.875 3.19E-03 9.17E+02
550 0.868 2.43E-03 9.57E+02
600 0.862 1.89E-03 9.93E+02
650 0.857 1.49E-03 1.02E+03
700 0.852 1.20E-03 1.05E+03
750 0.847 9.72E-04 1.08E+03
800 0.843 8.00E-04 1.10E+03
850 0.839 6.65E-04 1.12E+03
900 0.836 5.58E-04 1.14E+03
950 0.832 4.73E-04 1.15E+03
1000 0.829 4.03E-04 1.17E+03
1050 0.826 3.46E-04 1.18E+03
1100 0.824 3.00E-04 1.20E+03
1150 0.821 2.61E-04 1.21E+03
1200 0.819 2.28E-04 1.22E+03
1250 0.816 2.01E-04 1.23E+03
1300 0.814 1.77E-04 1.24E+03
1350 0.812 1.57E-04 1.25E+03
1400 0.810 1.40E-04 1.26E+03
1450 0.809 1.26E-04 1.26E+03
1500 0.807 1.13E-04 1.27E+03
1550 0.805 1.02E-04 1.28E+03
1600 0.804 9.18E-05 1.29E+03
1650 0.802 8.32E-05 1.29E+03
1700 0.801 7.56E-05 1.30E+03
1750 0.799 6.90E-05 1.30E+03
1800 0.798 6.30E-05 1.31E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-01 at 21.15 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.797 5.77E-05 1.31E+03
1900 0.795 5.30E-05 1.32E+03
1950 0.794 4.87E-05 1.32E+03
2000 0.793 4.49E-05 1.33E+03
2200 0.789 3.31E-05 1.35E+03
2400 0.785 2.50E-05 1.36E+03
2600 0.782 1.93E-05 1.37E+03
2800 0.779 1.52E-05 1.38E+03
3000 0.776 1.21E-05 1.39E+03
3200 0.774 9.85E-06 1.40E+03
3400 0.772 8.09E-06 1.41E+03
3600 0.770 6.72E-06 1.42E+03
3800 0.768 5.63E-06 1.42E+03
4000 0.767 4.77E-06 1.43E+03
4200 0.765 4.07E-06 1.43E+03
4400 0.764 3.50E-06 1.44E+03
4600 0.762 3.02E-06 1.44E+03
4800 0.761 2.63E-06 1.45E+03
5000 0.760 2.30E-06 1.45E+03
5200 0.759 2.03E-06 1.46E+03
5400 0.758 1.79E-06 1.46E+03
5600 0.757 1.59E-06 1.46E+03
5800 0.756 1.42E-06 1.47E+03
6000 0.755 1.27E-06 1.47E+03
6500 0.753 9.79E-07 1.48E+03
7000 0.751 7.68E-07 1.48E+03
7500 0.749 6.13E-07 1.49E+03
8000 0.748 4.97E-07 1.49E+03
8500 0.746 4.07E-07 1.50E+03
9000 0.745 3.38E-07 1.50E+03
9500 0.744 2.83E-07 1.50E+03


10000 0.743 2.39E-07 1.51E+03







CAPILLARY CURVE FIT: PSS-01 at 21.15 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.
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PSS-02 at 19.0 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 24.0
0.084 5.87 0.193 100.0 24.0
0.188 13.2 0.435 100.0 24.0
0.334 23.5 0.773 100.0 24.0
0.522 36.7 1.21 99.2 23.8
0.752 52.9 1.74 98.4 23.6
1.02 72.0 2.37 91.4 22.0
1.34 94.0 3.09 67.1 16.1
2.09 147 4.83 38.9 9.3
3.53 248 8.17 19.3 4.6
5.35 376 12.4 12.2 2.9
8.36 587 19.3 8.3 2.0
18.8 1322 43.5 5.6 1.4
33.4 2350 77.3 5.0 1.2


PTS Laboratories


Sample ID
PSS-02 at 19.0 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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Air Displacing Water System - ASTM  D6836


Sample ID: PSS-02
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PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 19.0 ft.


van Genuchten Parameters
alpha (1/cm) 9.698E-03
n 3.200
residual water 0.050
total water 1.016
m 0.688
Water Perm (mD) 3736
Air Perm (mD) 6681
R2 0.99610


Laboratory Measured Data
Capillary PSS-02 at 19.0 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.016 1.58%
5.87 1.000 1.016 1.57%
13.22 1.000 1.015 1.48%
23.50 1.000 1.010 1.00%
36.72 0.992 0.992 0.00%
52.87 0.984 0.945 -4.05%
71.97 0.914 0.849 -7.04%
94.00 0.671 0.709 5.69%


146.87 0.389 0.416 7.02%
248.21 0.193 0.184 -4.40%
375.98 0.122 0.105 -13.73%
587.47 0.083 0.071 -14.59%
1321.81 0.056 0.054 -5.14%
2349.88 0.050 0.051 1.67%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 19.0 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.016 3.74E+03 0.00E+00
0.02 1.016 3.74E+03 2.95E-19
0.04 1.016 3.74E+03 1.89E-17
0.05 1.016 3.74E+03 7.20E-17
0.08 1.016 3.74E+03 1.21E-15
0.09 1.016 3.74E+03 2.45E-15


1 1.016 3.74E+03 4.61E-09
1.2 1.016 3.74E+03 1.38E-08
1.3 1.016 3.74E+03 2.22E-08
1.5 1.016 3.74E+03 5.25E-08
2 1.016 3.73E+03 2.95E-07
3 1.016 3.73E+03 3.36E-06
5 1.016 3.73E+03 7.20E-05
7 1.016 3.72E+03 5.42E-04
9 1.016 3.70E+03 2.45E-03
11 1.015 3.68E+03 8.15E-03
15 1.014 3.63E+03 5.23E-02
20 1.012 3.53E+03 2.92E-01
25 1.009 3.40E+03 1.10E+00
30 1.003 3.24E+03 3.25E+00
35 0.995 3.06E+03 8.01E+00
40 0.985 2.84E+03 1.73E+01
45 0.972 2.61E+03 3.39E+01
50 0.955 2.37E+03 6.08E+01
60 0.914 1.87E+03 1.60E+02
70 0.861 1.41E+03 3.43E+02
75 0.831 1.20E+03 4.71E+02
80 0.800 1.02E+03 6.24E+02
85 0.768 8.51E+02 8.00E+02
90 0.735 7.07E+02 9.97E+02
95 0.702 5.83E+02 1.21E+03


100 0.670 4.79E+02 1.44E+03
120 0.547 2.12E+02 2.41E+03
140 0.446 9.28E+01 3.31E+03
160 0.366 4.18E+01 4.05E+03
180 0.305 1.97E+01 4.63E+03
200 0.258 9.74E+00 5.06E+03
220 0.222 5.05E+00 5.39E+03
240 0.194 2.74E+00 5.64E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 19.0 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.172 1.55E+00 5.83E+03
280 0.154 9.07E-01 5.97E+03
300 0.140 5.49E-01 6.09E+03
320 0.129 3.43E-01 6.18E+03
340 0.119 2.20E-01 6.25E+03
360 0.111 1.44E-01 6.31E+03
380 0.104 9.66E-02 6.36E+03
400 0.099 6.60E-02 6.40E+03
420 0.094 4.60E-02 6.43E+03
440 0.089 3.25E-02 6.46E+03
460 0.086 2.34E-02 6.48E+03
480 0.083 1.70E-02 6.50E+03
500 0.080 1.26E-02 6.52E+03
550 0.074 6.16E-03 6.55E+03
600 0.070 3.22E-03 6.58E+03
650 0.067 1.77E-03 6.60E+03
700 0.064 1.02E-03 6.61E+03
750 0.062 6.06E-04 6.62E+03
800 0.061 3.74E-04 6.63E+03
850 0.059 2.37E-04 6.64E+03
900 0.058 1.55E-04 6.64E+03
950 0.057 1.03E-04 6.65E+03
1000 0.057 7.02E-05 6.65E+03
1050 0.056 4.87E-05 6.66E+03
1100 0.055 3.43E-05 6.66E+03
1150 0.055 2.46E-05 6.66E+03
1200 0.054 1.79E-05 6.66E+03
1250 0.054 1.32E-05 6.66E+03
1300 0.054 9.82E-06 6.67E+03
1350 0.053 7.40E-06 6.67E+03
1400 0.053 5.63E-06 6.67E+03
1450 0.053 4.33E-06 6.67E+03
1500 0.053 3.36E-06 6.67E+03
1550 0.052 2.62E-06 6.67E+03
1600 0.052 2.07E-06 6.67E+03
1650 0.052 1.64E-06 6.67E+03
1700 0.052 1.31E-06 6.67E+03
1750 0.052 1.06E-06 6.67E+03
1800 0.052 8.55E-07 6.67E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 19.0 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.052 6.96E-07 6.67E+03
1900 0.052 5.70E-07 6.67E+03
1950 0.051 4.69E-07 6.68E+03
2000 0.051 3.88E-07 6.68E+03
2200 0.051 1.90E-07 6.68E+03
2400 0.051 9.89E-08 6.68E+03
2600 0.051 5.43E-08 6.68E+03
2800 0.051 3.11E-08 6.68E+03
3000 0.051 1.85E-08 6.68E+03
3200 0.051 1.14E-08 6.68E+03
3400 0.050 7.25E-09 6.68E+03
3600 0.050 4.73E-09 6.68E+03
3800 0.050 3.15E-09 6.68E+03
4000 0.050 2.14E-09 6.68E+03
4200 0.050 1.49E-09 6.68E+03
4400 0.050 1.05E-09 6.68E+03
4600 0.050 7.52E-10 6.68E+03
4800 0.050 5.46E-10 6.68E+03
5000 0.050 4.02E-10 6.68E+03
5200 0.050 3.00E-10 6.68E+03
5400 0.050 2.26E-10 6.68E+03
5600 0.050 1.72E-10 6.68E+03
5800 0.050 1.32E-10 6.68E+03
6000 0.050 1.02E-10 6.68E+03
6500 0.050 5.62E-11 6.68E+03
7000 0.050 3.22E-11 6.68E+03
7500 0.050 1.92E-11 6.68E+03
8000 0.050 1.18E-11 6.68E+03
8500 0.050 7.52E-12 6.68E+03
9000 0.050 4.90E-12 6.68E+03
9500 0.050 3.26E-12 6.68E+03


10000 0.050 2.22E-12 6.68E+03







CAPILLARY CURVE FIT: PSS-02 at 19.0 ft.


0.1


1


10


100


1000


10000


0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0


Volumetric Moisture


C
ap


ill
ar


y 
Pr


es
su


re
 (c


m
)


by Curve Fit


PSS-02 at 19.0 ft.


PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-02 at 19.0 ft.
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PSS-02 at 21.0 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 23.1
0.087 6.09 0.200 100.0 23.1
0.195 13.7 0.451 100.0 23.1
0.346 24.4 0.802 100.0 23.1
0.541 38.1 1.25 99.3 22.9
0.780 54.8 1.80 97.1 22.4
1.06 74.6 2.46 85.3 19.7
1.39 97.4 3.21 72.8 16.8
2.17 152 5.01 58.0 13.4
3.66 257 8.47 45.5 10.5
5.54 390 12.8 38.9 9.0
8.66 609 20.0 33.0 7.6
19.5 1370 45.1 26.4 6.1
34.6 2436 80.2 22.7 5.2


Capillary Pressure


PTS Laboratories


Sample ID
PSS-02 at 21.0 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA







0 10 20 30 40 50 60 70 80 90 100
Water Saturation, percent pore volume


0.01


0.1


1


10


100


C
ap


ill
ar


y 
P


re
ss


ur
e,


 p
si


g


0.1


1.0


10.0


100.0


0 2 4 6 8 10 12 14 16 18 20 22
Moisture Content, percent dry weight


URS Corporation
PTS File No.: 39601


CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-02
Depth, ft: 21.0
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 21.0 ft.


van Genuchten Parameters
alpha (1/cm) 1.140E-02
n 1.950
residual water 0.189
total water 1.027
m 0.487
Water Perm (mD) 1061
Air Perm (mD) 5117
R2 0.99109


Laboratory Measured Data
Capillary PSS-02 at 21.0 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.027 2.73%
6.09 1.000 1.025 2.51%
13.70 1.000 1.017 1.66%
24.36 1.000 0.996 -0.43%
38.06 0.993 0.957 -3.56%
54.81 0.971 0.901 -7.19%
74.61 0.853 0.831 -2.53%
97.45 0.728 0.757 4.00%


152.26 0.580 0.620 6.77%
257.32 0.455 0.474 4.22%
389.78 0.389 0.387 -0.39%
609.04 0.330 0.321 -2.76%
1370.33 0.264 0.251 -4.92%
2436.15 0.227 0.225 -0.87%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 21.0 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.027 1.06E+03 2.19E-11
0.02 1.027 1.06E+03 1.21E-07
0.04 1.027 1.06E+03 8.85E-07
0.05 1.027 1.06E+03 1.68E-06
0.08 1.027 1.06E+03 6.49E-06
0.09 1.027 1.06E+03 9.11E-06


1 1.027 1.03E+03 9.24E-03
1.2 1.027 1.03E+03 1.56E-02
1.3 1.027 1.02E+03 1.97E-02
1.5 1.027 1.02E+03 2.97E-02
2 1.027 1.00E+03 6.78E-02
3 1.027 9.77E+02 2.17E-01
5 1.026 9.26E+02 9.40E-01
7 1.024 8.77E+02 2.46E+00
9 1.023 8.30E+02 5.04E+00
11 1.020 7.85E+02 8.91E+00
15 1.015 7.02E+02 2.13E+01
20 1.005 6.07E+02 4.73E+01
25 0.994 5.22E+02 8.64E+01
30 0.981 4.48E+02 1.40E+02
35 0.967 3.84E+02 2.07E+02
40 0.951 3.28E+02 2.87E+02
45 0.935 2.79E+02 3.78E+02
50 0.918 2.38E+02 4.80E+02
60 0.882 1.73E+02 7.07E+02
70 0.847 1.26E+02 9.52E+02
75 0.830 1.08E+02 1.08E+03
80 0.813 9.29E+01 1.20E+03
85 0.796 7.99E+01 1.33E+03
90 0.780 6.89E+01 1.45E+03
95 0.764 5.95E+01 1.57E+03


100 0.749 5.16E+01 1.69E+03
120 0.693 2.99E+01 2.12E+03
140 0.645 1.81E+01 2.49E+03
160 0.605 1.14E+01 2.79E+03
180 0.570 7.40E+00 3.05E+03
200 0.540 4.99E+00 3.27E+03
220 0.514 3.46E+00 3.45E+03
240 0.491 2.46E+00 3.60E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 21.0 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.472 1.79E+00 3.73E+03
280 0.454 1.32E+00 3.84E+03
300 0.439 1.00E+00 3.94E+03
320 0.425 7.67E-01 4.02E+03
340 0.413 5.97E-01 4.10E+03
360 0.402 4.71E-01 4.16E+03
380 0.392 3.75E-01 4.22E+03
400 0.383 3.03E-01 4.27E+03
420 0.374 2.46E-01 4.32E+03
440 0.367 2.02E-01 4.36E+03
460 0.360 1.68E-01 4.40E+03
480 0.353 1.40E-01 4.43E+03
500 0.347 1.18E-01 4.46E+03
550 0.334 7.82E-02 4.53E+03
600 0.323 5.38E-02 4.59E+03
650 0.313 3.82E-02 4.63E+03
700 0.305 2.77E-02 4.67E+03
750 0.298 2.06E-02 4.71E+03
800 0.291 1.56E-02 4.73E+03
850 0.286 1.20E-02 4.76E+03
900 0.281 9.34E-03 4.78E+03
950 0.276 7.38E-03 4.80E+03
1000 0.272 5.91E-03 4.82E+03
1050 0.268 4.78E-03 4.83E+03
1100 0.265 3.90E-03 4.85E+03
1150 0.262 3.22E-03 4.86E+03
1200 0.259 2.67E-03 4.87E+03
1250 0.256 2.24E-03 4.88E+03
1300 0.254 1.89E-03 4.89E+03
1350 0.252 1.60E-03 4.90E+03
1400 0.249 1.37E-03 4.91E+03
1450 0.247 1.17E-03 4.92E+03
1500 0.246 1.01E-03 4.92E+03
1550 0.244 8.76E-04 4.93E+03
1600 0.242 7.63E-04 4.94E+03
1650 0.241 6.67E-04 4.94E+03
1700 0.239 5.85E-04 4.95E+03
1750 0.238 5.16E-04 4.95E+03
1800 0.237 4.56E-04 4.96E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-02 at 21.0 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.235 4.05E-04 4.96E+03
1900 0.234 3.60E-04 4.97E+03
1950 0.233 3.22E-04 4.97E+03
2000 0.232 2.88E-04 4.97E+03
2200 0.228 1.90E-04 4.99E+03
2400 0.225 1.30E-04 5.00E+03
2600 0.223 9.15E-05 5.01E+03
2800 0.220 6.62E-05 5.02E+03
3000 0.218 4.90E-05 5.02E+03
3200 0.217 3.69E-05 5.03E+03
3400 0.215 2.83E-05 5.03E+03
3600 0.214 2.21E-05 5.04E+03
3800 0.213 1.74E-05 5.04E+03
4000 0.211 1.39E-05 5.05E+03
4200 0.210 1.12E-05 5.05E+03
4400 0.210 9.17E-06 5.05E+03
4600 0.209 7.55E-06 5.06E+03
4800 0.208 6.27E-06 5.06E+03
5000 0.207 5.25E-06 5.06E+03
5200 0.207 4.42E-06 5.06E+03
5400 0.206 3.75E-06 5.06E+03
5600 0.205 3.20E-06 5.07E+03
5800 0.205 2.74E-06 5.07E+03
6000 0.204 2.36E-06 5.07E+03
6500 0.203 1.66E-06 5.07E+03
7000 0.202 1.20E-06 5.08E+03
7500 0.201 8.90E-07 5.08E+03
8000 0.201 6.71E-07 5.08E+03
8500 0.200 5.15E-07 5.08E+03
9000 0.200 4.01E-07 5.09E+03
9500 0.199 3.17E-07 5.09E+03


10000 0.199 2.53E-07 5.09E+03







CAPILLARY CURVE FIT: PSS-02 at 21.0 ft.
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PTS File No: 39601
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Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.
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PSS-03 at 19.5 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 27.1
0.086 6.02 0.198 100.0 27.1
0.193 13.5 0.446 100.0 27.1
0.342 24.1 0.792 99.2 26.9
0.535 37.6 1.24 96.2 26.1
0.770 54.2 1.78 91.6 24.8
1.05 73.7 2.43 84.8 23.0
1.37 96.3 3.17 68.8 18.7
2.14 150 4.95 47.6 12.9
3.62 254 8.37 29.3 8.0
5.48 385 12.7 20.2 5.5
8.56 602 19.8 14.6 4.0
19.3 1354 44.6 10.0 2.7
34.2 2408 79.2 8.8 2.4


PTS Laboratories


Sample ID
PSS-03 at 19.5 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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Sample ID: PSS-03
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PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 19.5 ft.


van Genuchten Parameters
alpha (1/cm) 9.210E-03
n 2.484
residual water 0.085
total water 1.006
m 0.700
Water Perm (mD) 3437
Air Perm (mD) 6303
R2 0.99891


Laboratory Measured Data
Capillary PSS-03 at 19.5 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.006 0.59%
6.02 1.000 1.005 0.54%
13.54 1.000 1.002 0.23%
24.08 0.992 0.991 -0.15%
37.62 0.962 0.962 0.03%
54.17 0.916 0.906 -1.11%
73.73 0.848 0.819 -3.40%
96.30 0.688 0.709 3.04%


150.47 0.476 0.489 2.73%
254.29 0.293 0.279 -5.01%
385.20 0.202 0.184 -9.02%
601.88 0.146 0.131 -9.92%
1354.22 0.100 0.096 -3.86%
2407.50 0.088 0.089 1.20%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 19.5 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.006 3.44E+03 9.01E-21
0.02 1.006 3.44E+03 1.25E-14
0.04 1.006 3.44E+03 3.28E-13
0.05 1.006 3.44E+03 9.41E-13
0.08 1.006 3.44E+03 8.65E-12
0.09 1.006 3.44E+03 1.51E-11


1 1.006 3.43E+03 1.30E-06
1.2 1.006 3.43E+03 3.07E-06
1.3 1.006 3.43E+03 4.48E-06
1.5 1.006 3.43E+03 8.81E-06
2 1.006 3.43E+03 3.43E-05
3 1.006 3.42E+03 2.32E-04
5 1.006 3.40E+03 2.59E-03
7 1.005 3.38E+03 1.26E-02
9 1.005 3.34E+03 4.13E-02
11 1.004 3.31E+03 1.06E-01
15 1.001 3.21E+03 4.56E-01
20 0.996 3.07E+03 1.75E+00
25 0.989 2.91E+03 4.91E+00
30 0.980 2.72E+03 1.13E+01
35 0.969 2.53E+03 2.27E+01
40 0.956 2.32E+03 4.09E+01
45 0.940 2.12E+03 6.80E+01
50 0.922 1.91E+03 1.06E+02
60 0.882 1.53E+03 2.20E+02
70 0.837 1.19E+03 3.91E+02
75 0.813 1.04E+03 4.98E+02
80 0.789 9.11E+02 6.18E+02
85 0.764 7.92E+02 7.50E+02
90 0.740 6.87E+02 8.92E+02
95 0.716 5.94E+02 1.04E+03


100 0.692 5.14E+02 1.20E+03
120 0.602 2.84E+02 1.86E+03
140 0.524 1.58E+02 2.51E+03
160 0.459 8.99E+01 3.09E+03
180 0.406 5.26E+01 3.58E+03
200 0.362 3.17E+01 3.99E+03
220 0.326 1.97E+01 4.33E+03
240 0.297 1.26E+01 4.61E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 19.5 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.272 8.24E+00 4.84E+03
280 0.251 5.54E+00 5.02E+03
300 0.234 3.81E+00 5.18E+03
320 0.219 2.68E+00 5.31E+03
340 0.207 1.91E+00 5.42E+03
360 0.196 1.39E+00 5.51E+03
380 0.186 1.03E+00 5.59E+03
400 0.178 7.70E-01 5.66E+03
420 0.171 5.84E-01 5.72E+03
440 0.164 4.49E-01 5.77E+03
460 0.158 3.48E-01 5.82E+03
480 0.153 2.73E-01 5.86E+03
500 0.149 2.16E-01 5.89E+03
550 0.139 1.25E-01 5.97E+03
600 0.132 7.59E-02 6.02E+03
650 0.126 4.78E-02 6.06E+03
700 0.121 3.11E-02 6.10E+03
750 0.117 2.09E-02 6.12E+03
800 0.113 1.44E-02 6.14E+03
850 0.111 1.01E-02 6.16E+03
900 0.108 7.25E-03 6.18E+03
950 0.106 5.29E-03 6.19E+03
1000 0.104 3.93E-03 6.20E+03
1050 0.103 2.96E-03 6.21E+03
1100 0.101 2.26E-03 6.22E+03
1150 0.100 1.74E-03 6.23E+03
1200 0.099 1.36E-03 6.23E+03
1250 0.098 1.07E-03 6.24E+03
1300 0.097 8.52E-04 6.24E+03
1350 0.096 6.84E-04 6.25E+03
1400 0.096 5.53E-04 6.25E+03
1450 0.095 4.51E-04 6.25E+03
1500 0.095 3.70E-04 6.26E+03
1550 0.094 3.06E-04 6.26E+03
1600 0.094 2.54E-04 6.26E+03
1650 0.093 2.12E-04 6.26E+03
1700 0.093 1.78E-04 6.27E+03
1750 0.092 1.51E-04 6.27E+03
1800 0.092 1.28E-04 6.27E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 19.5 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.092 1.09E-04 6.27E+03
1900 0.091 9.33E-05 6.27E+03
1950 0.091 8.01E-05 6.28E+03
2000 0.091 6.91E-05 6.28E+03
2200 0.090 3.96E-05 6.28E+03
2400 0.089 2.39E-05 6.28E+03
2600 0.089 1.50E-05 6.29E+03
2800 0.088 9.71E-06 6.29E+03
3000 0.088 6.49E-06 6.29E+03
3200 0.088 4.45E-06 6.29E+03
3400 0.087 3.13E-06 6.29E+03
3600 0.087 2.24E-06 6.29E+03
3800 0.087 1.63E-06 6.29E+03
4000 0.087 1.21E-06 6.30E+03
4200 0.087 9.11E-07 6.30E+03
4400 0.086 6.94E-07 6.30E+03
4600 0.086 5.35E-07 6.30E+03
4800 0.086 4.18E-07 6.30E+03
5000 0.086 3.29E-07 6.30E+03
5200 0.086 2.62E-07 6.30E+03
5400 0.086 2.10E-07 6.30E+03
5600 0.086 1.70E-07 6.30E+03
5800 0.086 1.38E-07 6.30E+03
6000 0.086 1.14E-07 6.30E+03
6500 0.086 7.12E-08 6.30E+03
7000 0.086 4.62E-08 6.30E+03
7500 0.086 3.09E-08 6.30E+03
8000 0.086 2.12E-08 6.30E+03
8500 0.085 1.49E-08 6.30E+03
9000 0.085 1.06E-08 6.30E+03
9500 0.085 7.77E-09 6.30E+03


10000 0.085 5.76E-09 6.30E+03







CAPILLARY CURVE FIT: PSS-03 at 19.5 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-03 at 19.5 ft.
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PSS-03 at 20.3 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 25.3
0.084 5.93 0.195 100.0 25.3
0.190 13.3 0.439 100.0 25.3
0.338 23.7 0.781 100.0 25.3
0.527 37.1 1.22 99.7 25.2
0.759 53.4 1.76 97.1 24.6
1.03 72.7 2.39 74.7 18.9
1.35 94.9 3.12 57.4 14.5
2.11 148 4.88 40.0 10.1
3.56 251 8.25 27.7 7.0
5.40 380 12.5 20.5 5.2
8.44 593 19.5 16.2 4.1
19.0 1335 43.9 12.6 3.2
33.8 2373 78.1 11.8 3.0


Capillary Pressure


PTS Laboratories


Sample ID
PSS-03 at 20.3 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA







0 10 20 30 40 50 60 70 80 90 100
Water Saturation, percent pore volume


0.01


0.1


1


10


100


C
ap


ill
ar


y 
P


re
ss


ur
e,


 p
si


g


0.1


1.0


10.0


100.0


0 2 4 6 8 10 12 14 16 18 20 22 24
Moisture Content, percent dry weight


URS Corporation
PTS File No.: 39601


CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-03
Depth, ft: 20.3
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 20.3 ft.


van Genuchten Parameters
alpha (1/cm) 1.238E-02
n 2.600
residual water 0.115
total water 1.026
m 0.615
Water Perm (mD) 2211
Air Perm (mD) 6951
R2 0.99119


Laboratory Measured Data
Capillary PSS-03 at 20.3 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.026 2.55%
5.93 1.000 1.025 2.49%
13.35 1.000 1.020 2.04%
23.73 1.000 1.003 0.31%
37.08 0.997 0.959 -3.87%
53.39 0.971 0.875 -9.89%
72.67 0.747 0.758 1.44%
94.92 0.574 0.630 9.85%


148.31 0.400 0.422 5.36%
250.65 0.277 0.259 -6.64%
379.68 0.205 0.191 -7.09%
593.25 0.162 0.152 -5.88%
1334.80 0.126 0.125 -0.39%
2372.99 0.118 0.119 0.49%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 20.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.026 2.21E+03 4.51E-19
0.02 1.026 2.21E+03 3.23E-13
0.04 1.026 2.21E+03 7.31E-12
0.05 1.026 2.21E+03 2.00E-11
0.08 1.026 2.21E+03 1.65E-10
0.09 1.026 2.21E+03 2.81E-10


1 1.026 2.21E+03 1.43E-05
1.2 1.026 2.21E+03 3.24E-05
1.3 1.026 2.21E+03 4.65E-05
1.5 1.025 2.20E+03 8.85E-05
2 1.025 2.20E+03 3.23E-04
3 1.025 2.19E+03 2.00E-03
5 1.025 2.16E+03 1.99E-02
7 1.025 2.12E+03 9.04E-02
9 1.024 2.08E+03 2.79E-01
11 1.022 2.03E+03 6.87E-01
15 1.019 1.92E+03 2.74E+00
20 1.011 1.76E+03 9.79E+00
25 1.000 1.58E+03 2.58E+01
30 0.985 1.40E+03 5.62E+01
35 0.967 1.22E+03 1.06E+02
40 0.946 1.05E+03 1.81E+02
45 0.921 8.86E+02 2.84E+02
50 0.894 7.42E+02 4.17E+02
60 0.836 5.07E+02 7.69E+02
70 0.774 3.38E+02 1.21E+03
75 0.744 2.74E+02 1.46E+03
80 0.714 2.22E+02 1.71E+03
85 0.685 1.80E+02 1.96E+03
90 0.657 1.46E+02 2.22E+03
95 0.630 1.18E+02 2.46E+03


100 0.604 9.60E+01 2.71E+03
120 0.515 4.30E+01 3.57E+03
140 0.446 2.04E+01 4.26E+03
160 0.392 1.02E+01 4.79E+03
180 0.350 5.44E+00 5.18E+03
200 0.317 3.05E+00 5.49E+03
220 0.290 1.78E+00 5.72E+03
240 0.269 1.09E+00 5.91E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 20.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.251 6.87E-01 6.05E+03
280 0.237 4.47E-01 6.17E+03
300 0.224 2.99E-01 6.27E+03
320 0.214 2.05E-01 6.34E+03
340 0.205 1.44E-01 6.41E+03
360 0.197 1.03E-01 6.47E+03
380 0.191 7.45E-02 6.51E+03
400 0.185 5.50E-02 6.55E+03
420 0.180 4.12E-02 6.59E+03
440 0.175 3.12E-02 6.62E+03
460 0.171 2.40E-02 6.65E+03
480 0.167 1.86E-02 6.67E+03
500 0.164 1.46E-02 6.69E+03
550 0.157 8.28E-03 6.73E+03
600 0.152 4.92E-03 6.76E+03
650 0.147 3.05E-03 6.79E+03
700 0.144 1.96E-03 6.81E+03
750 0.141 1.30E-03 6.83E+03
800 0.138 8.81E-04 6.84E+03
850 0.136 6.13E-04 6.85E+03
900 0.134 4.35E-04 6.86E+03
950 0.133 3.15E-04 6.87E+03
1000 0.131 2.31E-04 6.88E+03
1050 0.130 1.73E-04 6.88E+03
1100 0.129 1.31E-04 6.89E+03
1150 0.128 1.00E-04 6.89E+03
1200 0.127 7.76E-05 6.90E+03
1250 0.126 6.07E-05 6.90E+03
1300 0.126 4.80E-05 6.90E+03
1350 0.125 3.83E-05 6.91E+03
1400 0.124 3.08E-05 6.91E+03
1450 0.124 2.49E-05 6.91E+03
1500 0.123 2.04E-05 6.91E+03
1550 0.123 1.67E-05 6.92E+03
1600 0.123 1.38E-05 6.92E+03
1650 0.122 1.15E-05 6.92E+03
1700 0.122 9.61E-06 6.92E+03
1750 0.122 8.07E-06 6.92E+03
1800 0.121 6.82E-06 6.92E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-03 at 20.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.121 5.79E-06 6.93E+03
1900 0.121 4.93E-06 6.93E+03
1950 0.121 4.22E-06 6.93E+03
2000 0.120 3.62E-06 6.93E+03
2200 0.120 2.05E-06 6.93E+03
2400 0.119 1.21E-06 6.93E+03
2600 0.119 7.51E-07 6.94E+03
2800 0.118 4.82E-07 6.94E+03
3000 0.118 3.18E-07 6.94E+03
3200 0.118 2.16E-07 6.94E+03
3400 0.117 1.50E-07 6.94E+03
3600 0.117 1.07E-07 6.94E+03
3800 0.117 7.71E-08 6.94E+03
4000 0.117 5.67E-08 6.94E+03
4200 0.117 4.23E-08 6.94E+03
4400 0.117 3.20E-08 6.95E+03
4600 0.116 2.45E-08 6.95E+03
4800 0.116 1.90E-08 6.95E+03
5000 0.116 1.49E-08 6.95E+03
5200 0.116 1.17E-08 6.95E+03
5400 0.116 9.36E-09 6.95E+03
5600 0.116 7.52E-09 6.95E+03
5800 0.116 6.10E-09 6.95E+03
6000 0.116 4.97E-09 6.95E+03
6500 0.116 3.08E-09 6.95E+03
7000 0.116 1.97E-09 6.95E+03
7500 0.116 1.30E-09 6.95E+03
8000 0.116 8.85E-10 6.95E+03
8500 0.116 6.15E-10 6.95E+03
9000 0.115 4.37E-10 6.95E+03
9500 0.115 3.16E-10 6.95E+03


10000 0.115 2.32E-10 6.95E+03







CAPILLARY CURVE FIT: PSS-03 at 20.3 ft.
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PTS File No: 39601
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Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.
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PSS-04 at 19.3 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 20.3
0.083 5.80 0.191 100.0 20.3
0.186 13.1 0.430 100.0 20.3
0.330 23.2 0.764 100.0 20.3
0.516 36.3 1.19 100.0 20.3
0.743 52.2 1.72 99.1 20.2
1.01 71.1 2.34 91.4 18.6
1.32 92.8 3.06 84.2 17.1
2.06 145 4.77 75.2 15.3
3.49 245 8.07 67.0 13.6
5.28 371 12.2 62.5 12.7
8.25 580 19.1 58.3 11.9
18.6 1306 43.0 51.8 10.5
33.0 2321 76.4 48.0 9.8


Capillary Pressure


PTS Laboratories


Sample ID
PSS-04 at 19.3 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA
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Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 19.3 ft.


van Genuchten Parameters
alpha (1/cm) 1.062E-02
n 1.834
residual water 0.440
total water 1.017
m 0.455
Water Perm (mD) 1049
Air Perm (mD) 5078
R2 0.99004


Laboratory Measured Data
Capillary PSS-04 at 19.3 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.017 1.68%
5.80 1.000 1.015 1.52%
13.06 1.000 1.010 0.99%
23.21 1.000 0.998 -0.22%
36.26 1.000 0.976 -2.37%
52.22 0.991 0.945 -4.67%
71.08 0.914 0.906 -0.84%
92.84 0.842 0.863 2.58%


145.06 0.752 0.780 3.64%
245.15 0.670 0.682 1.80%
371.35 0.625 0.617 -1.18%
580.23 0.583 0.565 -3.22%
1305.51 0.518 0.504 -2.68%
2320.91 0.480 0.480 -0.08%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 19.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.017 1.05E+03 4.79E-10
0.02 1.017 1.05E+03 1.10E-06
0.04 1.017 1.05E+03 6.61E-06
0.05 1.017 1.04E+03 1.18E-05
0.08 1.017 1.04E+03 3.97E-05
0.09 1.017 1.04E+03 5.38E-05


1 1.017 1.00E+03 2.71E-02
1.2 1.017 9.94E+02 4.34E-02
1.3 1.017 9.90E+02 5.34E-02
1.5 1.017 9.83E+02 7.73E-02
2 1.017 9.66E+02 1.62E-01
3 1.016 9.33E+02 4.63E-01
5 1.016 8.74E+02 1.73E+00
7 1.015 8.21E+02 4.10E+00
9 1.013 7.73E+02 7.80E+00
11 1.012 7.27E+02 1.30E+01
15 1.008 6.45E+02 2.84E+01
20 1.002 5.55E+02 5.81E+01
25 0.995 4.78E+02 9.99E+01
30 0.987 4.11E+02 1.54E+02
35 0.979 3.54E+02 2.19E+02
40 0.969 3.05E+02 2.94E+02
45 0.960 2.62E+02 3.79E+02
50 0.950 2.26E+02 4.71E+02
60 0.929 1.68E+02 6.71E+02
70 0.908 1.26E+02 8.85E+02
75 0.898 1.10E+02 9.94E+02
80 0.888 9.57E+01 1.10E+03
85 0.878 8.35E+01 1.21E+03
90 0.869 7.31E+01 1.32E+03
95 0.859 6.41E+01 1.42E+03


100 0.850 5.63E+01 1.53E+03
120 0.816 3.44E+01 1.91E+03
140 0.786 2.19E+01 2.24E+03
160 0.760 1.44E+01 2.53E+03
180 0.738 9.78E+00 2.77E+03
200 0.718 6.84E+00 2.98E+03
220 0.701 4.90E+00 3.16E+03
240 0.685 3.59E+00 3.31E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 19.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.672 2.68E+00 3.45E+03
280 0.659 2.04E+00 3.56E+03
300 0.649 1.58E+00 3.66E+03
320 0.639 1.24E+00 3.75E+03
340 0.630 9.82E-01 3.83E+03
360 0.622 7.89E-01 3.90E+03
380 0.614 6.41E-01 3.96E+03
400 0.607 5.26E-01 4.02E+03
420 0.601 4.35E-01 4.07E+03
440 0.595 3.63E-01 4.12E+03
460 0.590 3.05E-01 4.16E+03
480 0.585 2.58E-01 4.20E+03
500 0.580 2.19E-01 4.24E+03
550 0.570 1.50E-01 4.31E+03
600 0.561 1.06E-01 4.38E+03
650 0.554 7.73E-02 4.43E+03
700 0.547 5.75E-02 4.48E+03
750 0.541 4.36E-02 4.52E+03
800 0.536 3.36E-02 4.55E+03
850 0.531 2.63E-02 4.58E+03
900 0.527 2.09E-02 4.61E+03
950 0.523 1.68E-02 4.64E+03
1000 0.520 1.37E-02 4.66E+03
1050 0.517 1.12E-02 4.68E+03
1100 0.514 9.29E-03 4.69E+03
1150 0.511 7.76E-03 4.71E+03
1200 0.509 6.53E-03 4.73E+03
1250 0.507 5.53E-03 4.74E+03
1300 0.504 4.72E-03 4.75E+03
1350 0.502 4.05E-03 4.76E+03
1400 0.501 3.49E-03 4.77E+03
1450 0.499 3.03E-03 4.78E+03
1500 0.497 2.64E-03 4.79E+03
1550 0.496 2.31E-03 4.80E+03
1600 0.494 2.03E-03 4.81E+03
1650 0.493 1.79E-03 4.82E+03
1700 0.492 1.59E-03 4.82E+03
1750 0.490 1.41E-03 4.83E+03
1800 0.489 1.26E-03 4.84E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 19.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.488 1.12E-03 4.84E+03
1900 0.487 1.01E-03 4.85E+03
1950 0.486 9.07E-04 4.85E+03
2000 0.485 8.18E-04 4.86E+03
2200 0.482 5.55E-04 4.88E+03
2400 0.479 3.89E-04 4.89E+03
2600 0.476 2.81E-04 4.91E+03
2800 0.474 2.08E-04 4.92E+03
3000 0.472 1.57E-04 4.93E+03
3200 0.470 1.20E-04 4.94E+03
3400 0.469 9.41E-05 4.94E+03
3600 0.468 7.45E-05 4.95E+03
3800 0.466 5.97E-05 4.96E+03
4000 0.465 4.85E-05 4.96E+03
4200 0.464 3.97E-05 4.97E+03
4400 0.463 3.28E-05 4.97E+03
4600 0.463 2.74E-05 4.97E+03
4800 0.462 2.30E-05 4.98E+03
5000 0.461 1.95E-05 4.98E+03
5200 0.460 1.66E-05 4.98E+03
5400 0.460 1.42E-05 4.99E+03
5600 0.459 1.23E-05 4.99E+03
5800 0.459 1.06E-05 4.99E+03
6000 0.458 9.26E-06 5.00E+03
6500 0.457 6.68E-06 5.00E+03
7000 0.456 4.93E-06 5.01E+03
7500 0.455 3.72E-06 5.01E+03
8000 0.454 2.86E-06 5.01E+03
8500 0.454 2.23E-06 5.02E+03
9000 0.453 1.77E-06 5.02E+03
9500 0.452 1.42E-06 5.02E+03


10000 0.452 1.15E-06 5.03E+03







CAPILLARY CURVE FIT: PSS-04 at 19.3 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-04 at 19.3 ft.


0.1


1


10


100


1000


10000


1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04


Volumetric Moisture or Effective Permeability


C
ap


ill
ar


y 
Pr


es
su


re
 (c


m
)


by Curve Fit
PSS-04 at 19.3 ft.
Effective Water Perm.
Effective Air Perm.


PTS File No: 39601
Client:          URS Corporation


PTS Laboratories


Curve fit by AQUI-VER, INC.







PSS-04 at 20.1 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 21.4
0.082 5.76 0.190 100.0 21.4
0.184 13.0 0.426 100.0 21.4
0.328 23.0 0.758 100.0 21.4
0.512 36.0 1.18 100.0 21.4
0.737 51.8 1.71 99.2 21.2
1.00 70.5 2.32 97.5 20.8
1.31 92.1 3.03 93.3 20.0
2.05 144 4.74 83.3 17.8
3.46 243 8.01 74.2 15.9
5.24 369 12.1 68.3 14.6
8.19 576 19.0 63.0 13.5
18.4 1296 42.6 55.8 11.9
32.8 2303 75.8 51.7 11.1


PTS Laboratories


Sample ID
PSS-04 at 20.1 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-04
Depth, ft: 20.1
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 20.1 ft.


van Genuchten Parameters
alpha (1/cm) 7.120E-03
n 1.952
residual water 0.485
total water 1.010
m 0.488
Water Perm (mD) 70.7
Air Perm (mD) 2621
R2 0.99558


Laboratory Measured Data
Capillary PSS-04 at 20.1 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.010 1.00%
5.76 1.000 1.010 0.95%
12.96 1.000 1.008 0.76%
23.03 1.000 1.003 0.27%
35.99 1.000 0.993 -0.70%
51.83 0.992 0.977 -1.49%
70.54 0.975 0.954 -2.16%
92.14 0.933 0.925 -0.93%


143.97 0.833 0.855 2.60%
243.30 0.742 0.755 1.74%
368.55 0.683 0.681 -0.40%
575.87 0.630 0.618 -1.91%
1295.70 0.558 0.548 -1.86%
2303.47 0.517 0.522 0.94%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 20.1 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.010 7.07E+01 2.74E-12
0.02 1.010 7.06E+01 1.53E-08
0.04 1.010 7.06E+01 1.13E-07
0.05 1.010 7.06E+01 2.14E-07
0.08 1.010 7.06E+01 8.29E-07
0.09 1.010 7.05E+01 1.16E-06


1 1.010 6.94E+01 1.20E-03
1.2 1.010 6.92E+01 2.02E-03
1.3 1.010 6.90E+01 2.54E-03
1.5 1.010 6.88E+01 3.84E-03
2 1.010 6.82E+01 8.80E-03
3 1.010 6.71E+01 2.83E-02
5 1.010 6.49E+01 1.23E-01
7 1.009 6.27E+01 3.23E-01
9 1.009 6.07E+01 6.65E-01
11 1.008 5.87E+01 1.18E+00
15 1.007 5.48E+01 2.87E+00
20 1.004 5.02E+01 6.48E+00
25 1.001 4.60E+01 1.21E+01
30 0.998 4.20E+01 2.01E+01
35 0.994 3.83E+01 3.07E+01
40 0.989 3.49E+01 4.40E+01
45 0.984 3.17E+01 6.00E+01
50 0.979 2.88E+01 7.89E+01
60 0.967 2.37E+01 1.25E+02
70 0.955 1.94E+01 1.81E+02
75 0.948 1.76E+01 2.12E+02
80 0.941 1.59E+01 2.45E+02
85 0.934 1.44E+01 2.80E+02
90 0.928 1.30E+01 3.16E+02
95 0.921 1.18E+01 3.54E+02


100 0.914 1.07E+01 3.92E+02
120 0.886 7.23E+00 5.51E+02
140 0.860 4.95E+00 7.10E+02
160 0.836 3.44E+00 8.63E+02
180 0.813 2.43E+00 1.01E+03
200 0.793 1.75E+00 1.13E+03
220 0.774 1.28E+00 1.25E+03
240 0.757 9.50E-01 1.36E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 20.1 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.742 7.16E-01 1.45E+03
280 0.728 5.47E-01 1.53E+03
300 0.716 4.23E-01 1.61E+03
320 0.704 3.32E-01 1.67E+03
340 0.694 2.63E-01 1.73E+03
360 0.684 2.11E-01 1.79E+03
380 0.676 1.70E-01 1.84E+03
400 0.668 1.39E-01 1.88E+03
420 0.660 1.14E-01 1.92E+03
440 0.653 9.47E-02 1.95E+03
460 0.647 7.91E-02 1.99E+03
480 0.641 6.64E-02 2.02E+03
500 0.636 5.62E-02 2.05E+03
550 0.624 3.79E-02 2.11E+03
600 0.613 2.63E-02 2.16E+03
650 0.604 1.88E-02 2.20E+03
700 0.596 1.37E-02 2.23E+03
750 0.590 1.03E-02 2.26E+03
800 0.584 7.79E-03 2.29E+03
850 0.578 6.01E-03 2.31E+03
900 0.573 4.70E-03 2.33E+03
950 0.569 3.73E-03 2.35E+03
1000 0.565 2.99E-03 2.36E+03
1050 0.562 2.42E-03 2.38E+03
1100 0.558 1.98E-03 2.39E+03
1150 0.555 1.64E-03 2.40E+03
1200 0.553 1.36E-03 2.41E+03
1250 0.550 1.14E-03 2.42E+03
1300 0.548 9.62E-04 2.43E+03
1350 0.546 8.16E-04 2.44E+03
1400 0.544 6.97E-04 2.44E+03
1450 0.542 5.99E-04 2.45E+03
1500 0.540 5.17E-04 2.46E+03
1550 0.538 4.48E-04 2.46E+03
1600 0.537 3.90E-04 2.47E+03
1650 0.535 3.41E-04 2.47E+03
1700 0.534 3.00E-04 2.48E+03
1750 0.532 2.64E-04 2.48E+03
1800 0.531 2.34E-04 2.49E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 20.1 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.530 2.07E-04 2.49E+03
1900 0.529 1.85E-04 2.49E+03
1950 0.528 1.65E-04 2.50E+03
2000 0.527 1.48E-04 2.50E+03
2200 0.523 9.74E-05 2.51E+03
2400 0.520 6.66E-05 2.52E+03
2600 0.518 4.70E-05 2.53E+03
2800 0.515 3.40E-05 2.54E+03
3000 0.513 2.51E-05 2.54E+03
3200 0.512 1.89E-05 2.55E+03
3400 0.510 1.45E-05 2.55E+03
3600 0.509 1.13E-05 2.56E+03
3800 0.508 8.94E-06 2.56E+03
4000 0.507 7.14E-06 2.56E+03
4200 0.506 5.77E-06 2.57E+03
4400 0.505 4.71E-06 2.57E+03
4600 0.504 3.87E-06 2.57E+03
4800 0.503 3.22E-06 2.57E+03
5000 0.502 2.69E-06 2.57E+03
5200 0.502 2.26E-06 2.58E+03
5400 0.501 1.92E-06 2.58E+03
5600 0.501 1.64E-06 2.58E+03
5800 0.500 1.40E-06 2.58E+03
6000 0.500 1.21E-06 2.58E+03
6500 0.499 8.53E-07 2.59E+03
7000 0.498 6.16E-07 2.59E+03
7500 0.497 4.56E-07 2.59E+03
8000 0.496 3.44E-07 2.59E+03
8500 0.496 2.63E-07 2.59E+03
9000 0.495 2.05E-07 2.59E+03
9500 0.495 1.62E-07 2.60E+03


10000 0.494 1.29E-07 2.60E+03







CAPILLARY CURVE FIT: PSS-04 at 20.1 ft.
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PTS File No: 39601
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Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.
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PSS-04 at 21.3 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 22.8
0.086 6.08 0.200 100.0 22.8
0.194 13.7 0.450 100.0 22.8
0.346 24.3 0.800 99.7 22.8
0.540 38.0 1.25 96.2 22.0
0.778 54.7 1.80 78.6 18.0
1.06 74.4 2.45 60.3 13.8
1.38 97.2 3.20 49.6 11.3
2.16 152 5.00 38.2 8.7
3.65 257 8.45 29.8 6.8
5.53 389 12.8 25.2 5.8
8.64 608 20.0 22.1 5.1
19.4 1367 45.0 18.3 4.2
34.6 2430 80.0 16.5 3.8


Capillary Pressure


PTS Laboratories


Sample ID
PSS-04 at 21.3 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA
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Air Displacing Water System - ASTM  D6836


Sample ID: PSS-04
Depth, ft: 21.3
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PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 21.3 ft.


van Genuchten Parameters
alpha (1/cm) 1.776E-02
n 2.250
residual water 0.160
total water 1.031
m 0.556
Water Perm (mD) 3389
Air Perm (mD) 7779
R2 0.99056


Laboratory Measured Data
Capillary PSS-04 at 21.3 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.031 3.09%
6.08 1.000 1.028 2.77%
13.67 1.000 1.011 1.15%
24.30 0.997 0.965 -3.16%
37.98 0.962 0.879 -8.62%
54.68 0.786 0.763 -2.92%
74.43 0.603 0.644 6.87%
97.22 0.496 0.542 9.14%


151.90 0.382 0.398 4.28%
256.71 0.298 0.288 -3.13%
388.87 0.252 0.237 -5.83%
607.61 0.221 0.204 -7.66%
1367.12 0.183 0.176 -3.85%
2430.43 0.165 0.168 1.81%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 21.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.031 3.39E+03 3.49E-14
0.02 1.031 3.39E+03 1.81E-09
0.04 1.031 3.39E+03 2.24E-08
0.05 1.031 3.39E+03 5.03E-08
0.08 1.031 3.39E+03 2.76E-07
0.09 1.031 3.39E+03 4.23E-07


1 1.031 3.35E+03 2.61E-03
1.2 1.031 3.33E+03 5.06E-03
1.3 1.031 3.33E+03 6.77E-03
1.5 1.031 3.32E+03 1.14E-02
2 1.031 3.29E+03 3.22E-02
3 1.030 3.22E+03 1.40E-01
5 1.029 3.07E+03 8.88E-01
7 1.026 2.90E+03 2.99E+00
9 1.023 2.73E+03 7.35E+00
11 1.019 2.56E+03 1.50E+01
15 1.007 2.21E+03 4.45E+01
20 0.987 1.81E+03 1.18E+02
25 0.962 1.44E+03 2.44E+02
30 0.932 1.14E+03 4.27E+02
35 0.899 8.82E+02 6.64E+02
40 0.865 6.80E+02 9.46E+02
45 0.830 5.21E+02 1.26E+03
50 0.795 3.99E+02 1.60E+03
60 0.729 2.35E+02 2.29E+03
70 0.669 1.41E+02 2.95E+03
75 0.641 1.10E+02 3.26E+03
80 0.616 8.64E+01 3.54E+03
85 0.592 6.83E+01 3.81E+03
90 0.570 5.44E+01 4.06E+03
95 0.550 4.36E+01 4.29E+03


100 0.531 3.52E+01 4.50E+03
120 0.468 1.59E+01 5.19E+03
140 0.421 7.86E+00 5.69E+03
160 0.384 4.19E+00 6.06E+03
180 0.356 2.38E+00 6.33E+03
200 0.333 1.42E+00 6.54E+03
220 0.315 8.91E-01 6.71E+03
240 0.299 5.79E-01 6.84E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 21.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.286 3.88E-01 6.95E+03
280 0.276 2.68E-01 7.03E+03
300 0.266 1.90E-01 7.11E+03
320 0.258 1.37E-01 7.17E+03
340 0.251 1.01E-01 7.22E+03
360 0.245 7.55E-02 7.27E+03
380 0.239 5.74E-02 7.31E+03
400 0.235 4.43E-02 7.34E+03
420 0.230 3.45E-02 7.37E+03
440 0.226 2.73E-02 7.40E+03
460 0.223 2.18E-02 7.42E+03
480 0.220 1.75E-02 7.44E+03
500 0.217 1.42E-02 7.46E+03
550 0.210 8.75E-03 7.50E+03
600 0.205 5.61E-03 7.53E+03
650 0.201 3.73E-03 7.56E+03
700 0.197 2.55E-03 7.58E+03
750 0.194 1.80E-03 7.60E+03
800 0.192 1.29E-03 7.62E+03
850 0.189 9.47E-04 7.63E+03
900 0.187 7.07E-04 7.64E+03
950 0.185 5.36E-04 7.65E+03
1000 0.184 4.12E-04 7.66E+03
1050 0.182 3.21E-04 7.67E+03
1100 0.181 2.53E-04 7.67E+03
1150 0.180 2.01E-04 7.68E+03
1200 0.179 1.62E-04 7.69E+03
1250 0.178 1.31E-04 7.69E+03
1300 0.177 1.08E-04 7.69E+03
1350 0.176 8.86E-05 7.70E+03
1400 0.176 7.36E-05 7.70E+03
1450 0.175 6.15E-05 7.71E+03
1500 0.174 5.17E-05 7.71E+03
1550 0.174 4.37E-05 7.71E+03
1600 0.173 3.71E-05 7.72E+03
1650 0.173 3.17E-05 7.72E+03
1700 0.172 2.72E-05 7.72E+03
1750 0.172 2.35E-05 7.72E+03
1800 0.171 2.03E-05 7.72E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-04 at 21.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.171 1.76E-05 7.73E+03
1900 0.171 1.54E-05 7.73E+03
1950 0.170 1.35E-05 7.73E+03
2000 0.170 1.18E-05 7.73E+03
2200 0.169 7.26E-06 7.74E+03
2400 0.168 4.65E-06 7.74E+03
2600 0.167 3.09E-06 7.75E+03
2800 0.167 2.11E-06 7.75E+03
3000 0.166 1.48E-06 7.75E+03
3200 0.166 1.06E-06 7.75E+03
3400 0.165 7.80E-07 7.76E+03
3600 0.165 5.82E-07 7.76E+03
3800 0.165 4.41E-07 7.76E+03
4000 0.164 3.39E-07 7.76E+03
4200 0.164 2.64E-07 7.76E+03
4400 0.164 2.08E-07 7.76E+03
4600 0.164 1.66E-07 7.76E+03
4800 0.163 1.33E-07 7.76E+03
5000 0.163 1.08E-07 7.76E+03
5200 0.163 8.84E-08 7.77E+03
5400 0.163 7.29E-08 7.77E+03
5600 0.163 6.05E-08 7.77E+03
5800 0.163 5.05E-08 7.77E+03
6000 0.163 4.25E-08 7.77E+03
6500 0.162 2.82E-08 7.77E+03
7000 0.162 1.93E-08 7.77E+03
7500 0.162 1.35E-08 7.77E+03
8000 0.162 9.72E-09 7.77E+03
8500 0.162 7.13E-09 7.77E+03
9000 0.162 5.32E-09 7.77E+03
9500 0.161 4.03E-09 7.77E+03


10000 0.161 3.10E-09 7.77E+03







CAPILLARY CURVE FIT: PSS-04 at 21.3 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-04 at 21.3 ft.
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PSS-05 at 19.3 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 23.5
0.082 5.77 0.190 100.0 23.5
0.185 13.0 0.428 100.0 23.5
0.328 23.1 0.760 99.2 23.3
0.513 36.1 1.19 91.7 21.6
0.739 52.0 1.71 65.2 15.3
1.01 70.7 2.33 45.3 10.7
1.31 92.4 3.04 33.7 7.9
2.05 144 4.75 23.4 5.5
3.47 244 8.03 17.1 4.0
5.26 369 12.2 13.8 3.2
8.21 577 19.0 11.8 2.8
18.5 1299 42.8 9.6 2.3
32.8 2309 76.0 8.8 2.1


PTS Laboratories


Sample ID
PSS-05 at 19.3 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-05
Depth, ft: 19.3
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 19.3 ft.


van Genuchten Parameters
alpha (1/cm) 1.965E-02
n 2.500
residual water 0.090
total water 1.032
m 0.700
Water Perm (mD) 4163
Air Perm (mD) 7622
R2 0.99149


Laboratory Measured Data
Capillary PSS-05 at 19.3 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.032 3.23%
5.77 1.000 1.029 2.94%
12.99 1.000 1.011 1.12%
23.09 0.992 0.950 -4.16%
36.08 0.917 0.826 -9.93%
51.96 0.652 0.660 1.19%
70.72 0.453 0.501 10.58%
92.37 0.337 0.378 12.29%


144.33 0.234 0.235 0.35%
243.92 0.171 0.150 -12.26%
369.49 0.138 0.119 -13.40%
577.32 0.118 0.103 -12.17%
1298.97 0.096 0.093 -3.05%
2309.28 0.088 0.091 3.75%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 19.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.032 4.16E+03 2.80E-19
0.02 1.032 4.16E+03 4.24E-13
0.04 1.032 4.16E+03 1.14E-11
0.05 1.032 4.16E+03 3.30E-11
0.08 1.032 4.16E+03 3.07E-10
0.09 1.032 4.16E+03 5.38E-10


1 1.032 4.15E+03 4.99E-05
1.2 1.032 4.15E+03 1.19E-04
1.3 1.032 4.15E+03 1.73E-04
1.5 1.032 4.15E+03 3.42E-04
2 1.032 4.13E+03 1.34E-03
3 1.032 4.10E+03 9.20E-03
5 1.030 4.02E+03 1.04E-01
7 1.028 3.90E+03 5.09E-01
9 1.024 3.76E+03 1.66E+00
11 1.018 3.59E+03 4.24E+00
15 1.002 3.21E+03 1.77E+01
20 0.973 2.69E+03 6.38E+01
25 0.935 2.17E+03 1.64E+02
30 0.889 1.69E+03 3.36E+02
35 0.837 1.28E+03 5.88E+02
40 0.784 9.54E+02 9.13E+02
45 0.731 7.01E+02 1.30E+03
50 0.679 5.11E+02 1.71E+03
60 0.585 2.71E+02 2.58E+03
70 0.506 1.45E+02 3.38E+03
75 0.472 1.08E+02 3.75E+03
80 0.441 8.04E+01 4.08E+03
85 0.414 6.05E+01 4.38E+03
90 0.389 4.60E+01 4.66E+03
95 0.367 3.52E+01 4.91E+03


100 0.347 2.72E+01 5.13E+03
120 0.284 1.05E+01 5.82E+03
140 0.242 4.57E+00 6.27E+03
160 0.212 2.18E+00 6.58E+03
180 0.190 1.12E+00 6.80E+03
200 0.174 6.15E-01 6.95E+03
220 0.161 3.56E-01 7.07E+03
240 0.152 2.16E-01 7.16E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 19.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.144 1.36E-01 7.23E+03
280 0.137 8.85E-02 7.28E+03
300 0.132 5.93E-02 7.33E+03
320 0.127 4.07E-02 7.37E+03
340 0.124 2.86E-02 7.39E+03
360 0.121 2.05E-02 7.42E+03
380 0.118 1.49E-02 7.44E+03
400 0.115 1.11E-02 7.46E+03
420 0.113 8.32E-03 7.47E+03
440 0.112 6.34E-03 7.49E+03
460 0.110 4.89E-03 7.50E+03
480 0.109 3.81E-03 7.51E+03
500 0.107 3.00E-03 7.52E+03
550 0.105 1.72E-03 7.54E+03
600 0.103 1.03E-03 7.55E+03
650 0.101 6.44E-04 7.56E+03
700 0.100 4.17E-04 7.57E+03
750 0.098 2.78E-04 7.58E+03
800 0.098 1.90E-04 7.58E+03
850 0.097 1.33E-04 7.59E+03
900 0.096 9.54E-05 7.59E+03
950 0.096 6.94E-05 7.59E+03
1000 0.095 5.14E-05 7.60E+03
1050 0.095 3.86E-05 7.60E+03
1100 0.094 2.94E-05 7.60E+03
1150 0.094 2.26E-05 7.60E+03
1200 0.094 1.76E-05 7.60E+03
1250 0.093 1.39E-05 7.60E+03
1300 0.093 1.10E-05 7.61E+03
1350 0.093 8.82E-06 7.61E+03
1400 0.093 7.12E-06 7.61E+03
1450 0.093 5.80E-06 7.61E+03
1500 0.093 4.75E-06 7.61E+03
1550 0.092 3.92E-06 7.61E+03
1600 0.092 3.25E-06 7.61E+03
1650 0.092 2.71E-06 7.61E+03
1700 0.092 2.28E-06 7.61E+03
1750 0.092 1.92E-06 7.61E+03
1800 0.092 1.63E-06 7.61E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 19.3 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.092 1.39E-06 7.61E+03
1900 0.092 1.18E-06 7.61E+03
1950 0.092 1.02E-06 7.61E+03
2000 0.092 8.76E-07 7.62E+03
2200 0.091 5.01E-07 7.62E+03
2400 0.091 3.00E-07 7.62E+03
2600 0.091 1.88E-07 7.62E+03
2800 0.091 1.21E-07 7.62E+03
3000 0.091 8.09E-08 7.62E+03
3200 0.091 5.54E-08 7.62E+03
3400 0.091 3.88E-08 7.62E+03
3600 0.091 2.77E-08 7.62E+03
3800 0.090 2.02E-08 7.62E+03
4000 0.090 1.49E-08 7.62E+03
4200 0.090 1.12E-08 7.62E+03
4400 0.090 8.53E-09 7.62E+03
4600 0.090 6.57E-09 7.62E+03
4800 0.090 5.12E-09 7.62E+03
5000 0.090 4.03E-09 7.62E+03
5200 0.090 3.20E-09 7.62E+03
5400 0.090 2.56E-09 7.62E+03
5600 0.090 2.07E-09 7.62E+03
5800 0.090 1.68E-09 7.62E+03
6000 0.090 1.38E-09 7.62E+03
6500 0.090 8.62E-10 7.62E+03
7000 0.090 5.58E-10 7.62E+03
7500 0.090 3.72E-10 7.62E+03
8000 0.090 2.54E-10 7.62E+03
8500 0.090 1.78E-10 7.62E+03
9000 0.090 1.27E-10 7.62E+03
9500 0.090 9.27E-11 7.62E+03


10000 0.090 6.86E-11 7.62E+03







CAPILLARY CURVE FIT: PSS-05 at 19.3 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-05 at 19.3 ft.
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PSS-05 at 20.7 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 24.8
0.084 5.93 0.195 100.0 24.8
0.190 13.3 0.439 100.0 24.8
0.338 23.7 0.781 100.0 24.8
0.527 37.1 1.22 100.0 24.8
0.759 53.4 1.76 95.6 23.7
1.03 72.7 2.39 70.9 17.6
1.35 94.9 3.12 53.5 13.3
2.11 148 4.88 30.2 7.5
3.56 251 8.25 16.4 4.1
5.40 380 12.5 11.3 2.8
8.44 593 19.5 7.7 1.9
19.0 1335 43.9 5.5 1.4
33.8 2373 78.1 4.8 1.2


Capillary Pressure


PTS Laboratories


Sample ID
PSS-05 at 20.7 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA
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Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 20.7 ft.


van Genuchten Parameters
alpha (1/cm) 1.193E-02
n 3.000
residual water 0.050
total water 1.017
m 0.667
Water Perm (mD) 3021
Air Perm (mD) 6569
R2 0.99475


Laboratory Measured Data
Capillary PSS-05 at 20.7 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.017 1.71%
5.93 1.000 1.017 1.68%
13.35 1.000 1.014 1.45%
23.73 1.000 1.003 0.27%
37.08 1.000 0.965 -3.50%
53.39 0.956 0.880 -8.03%
72.67 0.709 0.742 4.61%
94.92 0.535 0.582 8.76%


148.31 0.302 0.326 7.99%
250.65 0.164 0.156 -5.32%
379.68 0.113 0.097 -14.63%
593.25 0.077 0.069 -10.09%
1334.80 0.055 0.054 -2.57%
2372.99 0.048 0.051 6.76%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 20.7 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.017 3.02E+03 4.32E-24
0.02 1.017 3.02E+03 6.41E-17
0.04 1.017 3.02E+03 2.90E-15
0.05 1.017 3.02E+03 9.90E-15
0.08 1.017 3.02E+03 1.31E-13
0.09 1.017 3.02E+03 2.51E-13


1 1.017 3.02E+03 1.42E-07
1.2 1.017 3.02E+03 3.86E-07
1.3 1.017 3.02E+03 6.00E-07
1.5 1.017 3.02E+03 1.32E-06
2 1.017 3.02E+03 6.41E-06
3 1.017 3.01E+03 5.96E-05
5 1.017 3.00E+03 9.90E-04
7 1.017 2.98E+03 6.30E-03
9 1.016 2.95E+03 2.50E-02
11 1.016 2.92E+03 7.54E-02
15 1.013 2.83E+03 4.13E-01
20 1.008 2.68E+03 1.98E+00
25 1.000 2.49E+03 6.61E+00
30 0.989 2.28E+03 1.74E+01
35 0.973 2.05E+03 3.89E+01
40 0.953 1.81E+03 7.66E+01
45 0.929 1.57E+03 1.36E+02
50 0.901 1.34E+03 2.23E+02
60 0.835 9.28E+02 4.93E+02
70 0.762 6.13E+02 8.90E+02
75 0.725 4.92E+02 1.13E+03
80 0.687 3.92E+02 1.38E+03
85 0.651 3.11E+02 1.65E+03
90 0.615 2.46E+02 1.92E+03
95 0.581 1.94E+02 2.20E+03


100 0.549 1.53E+02 2.47E+03
120 0.438 6.03E+01 3.44E+03
140 0.354 2.50E+01 4.20E+03
160 0.293 1.11E+01 4.75E+03
180 0.247 5.25E+00 5.16E+03
200 0.212 2.64E+00 5.45E+03
220 0.185 1.40E+00 5.67E+03
240 0.165 7.82E-01 5.83E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 20.7 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.148 4.54E-01 5.96E+03
280 0.135 2.74E-01 6.06E+03
300 0.124 1.71E-01 6.13E+03
320 0.116 1.10E-01 6.19E+03
340 0.108 7.21E-02 6.24E+03
360 0.102 4.85E-02 6.28E+03
380 0.097 3.34E-02 6.32E+03
400 0.092 2.34E-02 6.35E+03
420 0.088 1.66E-02 6.37E+03
440 0.085 1.20E-02 6.39E+03
460 0.082 8.84E-03 6.41E+03
480 0.079 6.57E-03 6.42E+03
500 0.077 4.94E-03 6.44E+03
550 0.072 2.54E-03 6.46E+03
600 0.069 1.39E-03 6.48E+03
650 0.066 7.92E-04 6.50E+03
700 0.064 4.72E-04 6.51E+03
750 0.062 2.91E-04 6.52E+03
800 0.061 1.85E-04 6.52E+03
850 0.059 1.21E-04 6.53E+03
900 0.058 8.14E-05 6.53E+03
950 0.058 5.58E-05 6.54E+03
1000 0.057 3.89E-05 6.54E+03
1050 0.056 2.77E-05 6.54E+03
1100 0.056 2.00E-05 6.55E+03
1150 0.055 1.46E-05 6.55E+03
1200 0.055 1.09E-05 6.55E+03
1250 0.054 8.17E-06 6.55E+03
1300 0.054 6.21E-06 6.55E+03
1350 0.054 4.77E-06 6.55E+03
1400 0.053 3.70E-06 6.56E+03
1450 0.053 2.89E-06 6.56E+03
1500 0.053 2.28E-06 6.56E+03
1550 0.053 1.81E-06 6.56E+03
1600 0.053 1.45E-06 6.56E+03
1650 0.052 1.17E-06 6.56E+03
1700 0.052 9.50E-07 6.56E+03
1750 0.052 7.76E-07 6.56E+03
1800 0.052 6.37E-07 6.56E+03







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-05 at 20.7 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.052 5.26E-07 6.56E+03
1900 0.052 4.36E-07 6.56E+03
1950 0.052 3.64E-07 6.56E+03
2000 0.052 3.05E-07 6.56E+03
2200 0.051 1.56E-07 6.56E+03
2400 0.051 8.50E-08 6.57E+03
2600 0.051 4.85E-08 6.57E+03
2800 0.051 2.89E-08 6.57E+03
3000 0.051 1.78E-08 6.57E+03
3200 0.051 1.13E-08 6.57E+03
3400 0.051 7.42E-09 6.57E+03
3600 0.051 4.98E-09 6.57E+03
3800 0.050 3.41E-09 6.57E+03
4000 0.050 2.38E-09 6.57E+03
4200 0.050 1.69E-09 6.57E+03
4400 0.050 1.22E-09 6.57E+03
4600 0.050 8.95E-10 6.57E+03
4800 0.050 6.64E-10 6.57E+03
5000 0.050 4.99E-10 6.57E+03
5200 0.050 3.79E-10 6.57E+03
5400 0.050 2.91E-10 6.57E+03
5600 0.050 2.26E-10 6.57E+03
5800 0.050 1.77E-10 6.57E+03
6000 0.050 1.39E-10 6.57E+03
6500 0.050 7.95E-11 6.57E+03
7000 0.050 4.73E-11 6.57E+03
7500 0.050 2.92E-11 6.57E+03
8000 0.050 1.86E-11 6.57E+03
8500 0.050 1.22E-11 6.57E+03
9000 0.050 8.15E-12 6.57E+03
9500 0.050 5.58E-12 6.57E+03


10000 0.050 3.90E-12 6.57E+03







CAPILLARY CURVE FIT: PSS-05 at 20.7 ft.
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PSS-05 at 20.7 ft.


PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-05 at 20.7 ft.
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PSS-06 at 19.5 ft.







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 23.8
0.077 5.44 0.179 100.0 23.8
0.174 12.2 0.403 100.0 23.8
0.309 21.7 0.716 100.0 23.8
0.483 34.0 1.12 100.0 23.8
0.696 48.9 1.61 100.0 23.8
0.95 66.6 2.19 100.0 23.8
1.24 87.0 2.86 100.0 23.8
1.93 136 4.47 100.0 23.8
3.27 230 7.56 100.0 23.8
4.95 348 11.5 99.1 23.6
7.73 544 17.9 97.3 23.1
17.4 1223 40.3 93.6 22.3
30.9 2174 71.6 90.9 21.6


Capillary Pressure


PTS Laboratories


Sample ID
PSS-06 at 19.5 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA
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CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-06
Depth, ft: 19.5
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 19.5 ft.


van Genuchten Parameters
alpha (1/cm) 1.373E-03
n 2.289
residual water 0.882
total water 1.001
m 0.563
Water Perm (mD) 0.12
Air Perm (mD) 427
R2 0.99676


Laboratory Measured Data
Capillary PSS-06 at 19.5 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.001 0.06%
5.44 1.000 1.001 0.06%
12.23 1.000 1.001 0.06%
21.74 1.000 1.001 0.06%
33.97 1.000 1.001 0.05%
48.92 1.000 1.000 0.04%
66.59 1.000 1.000 0.03%
86.97 1.000 1.000 0.01%


135.90 1.000 0.999 -0.08%
229.66 1.000 0.996 -0.39%
347.89 0.991 0.990 -0.11%
543.59 0.973 0.976 0.34%
1223.07 0.936 0.934 -0.20%
2174.34 0.909 0.910 0.09%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 19.5 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.001 1.20E-01 5.19E-20
0.02 1.001 1.20E-01 3.38E-15
0.04 1.001 1.20E-01 4.46E-14
0.05 1.001 1.20E-01 1.02E-13
0.08 1.001 1.20E-01 5.88E-13
0.09 1.001 1.20E-01 9.12E-13


1 1.001 1.20E-01 7.11E-09
1.2 1.001 1.20E-01 1.40E-08
1.3 1.001 1.20E-01 1.89E-08
1.5 1.001 1.20E-01 3.22E-08
2 1.001 1.20E-01 9.39E-08
3 1.001 1.20E-01 4.25E-07
5 1.001 1.20E-01 2.84E-06
7 1.001 1.19E-01 9.95E-06
9 1.001 1.19E-01 2.53E-05
11 1.001 1.19E-01 5.35E-05
15 1.001 1.18E-01 1.70E-04
20 1.001 1.18E-01 4.95E-04
25 1.001 1.17E-01 1.14E-03
30 1.001 1.16E-01 2.24E-03
35 1.001 1.15E-01 3.97E-03
40 1.000 1.14E-01 6.52E-03
45 1.000 1.13E-01 1.01E-02
50 1.000 1.12E-01 1.49E-02
60 1.000 1.11E-01 2.94E-02
70 1.000 1.08E-01 5.21E-02
75 1.000 1.07E-01 6.72E-02
80 1.000 1.06E-01 8.54E-02
85 1.000 1.05E-01 1.07E-01
90 1.000 1.04E-01 1.32E-01
95 1.000 1.03E-01 1.61E-01


100 1.000 1.02E-01 1.95E-01
120 1.000 9.74E-02 3.81E-01
140 0.999 9.28E-02 6.69E-01
160 0.999 8.81E-02 1.09E+00
180 0.998 8.35E-02 1.66E+00
200 0.997 7.88E-02 2.42E+00
220 0.996 7.43E-02 3.38E+00
240 0.996 6.98E-02 4.59E+00


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 19.5 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.995 6.55E-02 6.04E+00
280 0.994 6.13E-02 7.77E+00
300 0.993 5.72E-02 9.79E+00
320 0.991 5.33E-02 1.21E+01
340 0.990 4.96E-02 1.47E+01
360 0.989 4.61E-02 1.77E+01
380 0.988 4.28E-02 2.09E+01
400 0.986 3.96E-02 2.44E+01
420 0.985 3.67E-02 2.83E+01
440 0.984 3.39E-02 3.24E+01
460 0.982 3.13E-02 3.67E+01
480 0.981 2.89E-02 4.14E+01
500 0.979 2.66E-02 4.62E+01
550 0.975 2.17E-02 5.92E+01
600 0.972 1.76E-02 7.32E+01
650 0.968 1.43E-02 8.78E+01
700 0.964 1.16E-02 1.03E+02
750 0.961 9.42E-03 1.18E+02
800 0.957 7.67E-03 1.33E+02
850 0.954 6.26E-03 1.47E+02
900 0.951 5.13E-03 1.61E+02
950 0.948 4.22E-03 1.74E+02
1000 0.945 3.48E-03 1.87E+02
1050 0.942 2.88E-03 1.99E+02
1100 0.940 2.39E-03 2.11E+02
1150 0.937 2.00E-03 2.22E+02
1200 0.935 1.68E-03 2.32E+02
1250 0.933 1.41E-03 2.42E+02
1300 0.931 1.19E-03 2.51E+02
1350 0.929 1.01E-03 2.59E+02
1400 0.927 8.62E-04 2.67E+02
1450 0.926 7.37E-04 2.74E+02
1500 0.924 6.32E-04 2.81E+02
1550 0.923 5.44E-04 2.88E+02
1600 0.921 4.70E-04 2.94E+02
1650 0.920 4.08E-04 2.99E+02
1700 0.919 3.55E-04 3.05E+02
1750 0.918 3.10E-04 3.10E+02
1800 0.916 2.71E-04 3.14E+02







PTS Laboratories


PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 19.5 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.915 2.38E-04 3.19E+02
1900 0.914 2.09E-04 3.23E+02
1950 0.913 1.85E-04 3.27E+02
2000 0.912 1.63E-04 3.31E+02
2200 0.909 1.03E-04 3.44E+02
2400 0.906 6.69E-05 3.54E+02
2600 0.904 4.49E-05 3.62E+02
2800 0.902 3.09E-05 3.69E+02
3000 0.901 2.18E-05 3.75E+02
3200 0.899 1.57E-05 3.80E+02
3400 0.898 1.16E-05 3.84E+02
3600 0.897 8.63E-06 3.88E+02
3800 0.896 6.54E-06 3.91E+02
4000 0.895 5.03E-06 3.94E+02
4200 0.894 3.91E-06 3.96E+02
4400 0.893 3.08E-06 3.98E+02
4600 0.893 2.45E-06 4.00E+02
4800 0.892 1.96E-06 4.02E+02
5000 0.892 1.59E-06 4.03E+02
5200 0.891 1.30E-06 4.05E+02
5400 0.891 1.07E-06 4.06E+02
5600 0.890 8.85E-07 4.07E+02
5800 0.890 7.38E-07 4.08E+02
6000 0.890 6.19E-07 4.09E+02
6500 0.889 4.08E-07 4.11E+02
7000 0.888 2.78E-07 4.13E+02
7500 0.888 1.94E-07 4.14E+02
8000 0.887 1.39E-07 4.15E+02
8500 0.887 1.01E-07 4.16E+02
9000 0.886 7.51E-08 4.17E+02
9500 0.886 5.67E-08 4.18E+02


10000 0.886 4.34E-08 4.19E+02







CAPILLARY CURVE FIT: PSS-06 at 19.5 ft.
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PTS Laboratories
PTS File No: 39601
Client:           URS Corporation


Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-06 at 19.5 ft.
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PSS-06 at 20.1 ft.
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PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


Height Above
Water Table, Saturation, Moisture,


psi cm water ft % pore volume % dry weight


0.000 0.00 0.000 100.0 24.1
0.076 5.32 0.175 100.0 24.1
0.170 12.0 0.394 100.0 24.1
0.302 21.3 0.700 100.0 24.1
0.473 33.2 1.09 100.0 24.1
0.681 47.9 1.58 96.2 23.2
0.93 65.1 2.14 78.3 18.8
1.21 85.1 2.80 62.6 15.1
1.89 133 4.38 46.1 11.1
3.20 225 7.39 32.9 7.9
4.84 340 11.2 27.2 6.6
7.56 532 17.5 23.1 5.6
17.0 1196 39.4 18.7 4.5
30.2 2127 70.0 16.8 4.1


PTS Laboratories


Sample ID
PSS-06 at 20.1 ft.


(ASTM D6836; Centrifugal Method: air displacing water)
AIR/WATER CAPILLARY PRESSURE TABULAR DATA


Capillary Pressure
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CAPILLARY PRESSURE
Centrifugal Method


Air Displacing Water System - ASTM  D6836


Sample ID: PSS-06
Depth, ft: 20.1
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Project Name: Elementis, Corpus Christi, TX
Project No: 41009205.0109707
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PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 20.1 ft.


van Genuchten Parameters
alpha (1/cm) 1.244E-02
n 1.950
residual water 0.155
total water 1.036
m 0.700
Water Perm (mD) 3296
Air Perm (mD) 6374
R2 0.98662


Laboratory Measured Data
Capillary PSS-06 at 20.1 ft. Predicted Moisture
Head (cm) Volumetric Moisture by Curve Fit RPD (%)


0.00 1.000 1.036 3.56%
5.32 1.000 1.033 3.25%
11.96 1.000 1.021 2.09%
21.27 1.000 0.992 -0.78%
33.23 1.000 0.940 -6.01%
47.85 0.962 0.864 -10.24%
65.13 0.783 0.772 -1.41%
85.07 0.626 0.676 8.01%


132.93 0.461 0.510 10.46%
224.65 0.329 0.353 7.33%
340.30 0.272 0.273 0.21%
531.71 0.231 0.220 -4.40%
1196.35 0.187 0.177 -5.52%
2126.85 0.168 0.165 -2.00%


TABLE 1


Notes: alpha, n, and residual saturation are capillary parameters defined by the following equation (van Genuchten, 
1980), with m = 1-1/n, S = water saturation, and h = capillary head (cm):


SOIL MOISTURE RETENTION CURVE FITTING FOR QUANTIFYING
THE HYDRAULIC FUNCTIONS OF UNSATURATED SOILS


]))(1/()[( mn
rsr hSSS α+−+
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 20.1 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


0.001 1.036 3.30E+03 3.58E-15
0.02 1.036 3.30E+03 2.36E-10
0.04 1.036 3.30E+03 3.08E-09
0.05 1.036 3.30E+03 7.05E-09
0.08 1.036 3.30E+03 4.02E-08
0.09 1.036 3.30E+03 6.22E-08


1 1.035 3.28E+03 4.66E-04
1.2 1.035 3.28E+03 9.15E-04
1.3 1.035 3.27E+03 1.23E-03
1.5 1.035 3.27E+03 2.09E-03
2 1.035 3.25E+03 6.07E-03
3 1.035 3.22E+03 2.72E-02
5 1.033 3.14E+03 1.80E-01
7 1.030 3.06E+03 6.20E-01
9 1.027 2.96E+03 1.56E+00
11 1.023 2.86E+03 3.24E+00
15 1.013 2.64E+03 9.92E+00
20 0.997 2.37E+03 2.74E+01
25 0.977 2.09E+03 5.89E+01
30 0.955 1.83E+03 1.08E+02
35 0.931 1.59E+03 1.76E+02
40 0.906 1.37E+03 2.65E+02
45 0.879 1.18E+03 3.73E+02
50 0.852 1.01E+03 4.99E+02
60 0.798 7.32E+02 7.95E+02
70 0.747 5.31E+02 1.13E+03
75 0.722 4.53E+02 1.31E+03
80 0.699 3.87E+02 1.48E+03
85 0.676 3.31E+02 1.66E+03
90 0.655 2.83E+02 1.84E+03
95 0.634 2.43E+02 2.01E+03


100 0.615 2.10E+02 2.18E+03
120 0.546 1.18E+02 2.80E+03
140 0.491 6.96E+01 3.33E+03
160 0.447 4.27E+01 3.76E+03
180 0.412 2.72E+01 4.12E+03
200 0.382 1.80E+01 4.41E+03
220 0.358 1.22E+01 4.65E+03
240 0.338 8.54E+00 4.85E+03


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 20.1 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


260 0.321 6.11E+00 5.02E+03
280 0.306 4.46E+00 5.16E+03
300 0.293 3.32E+00 5.28E+03
320 0.282 2.51E+00 5.38E+03
340 0.273 1.93E+00 5.47E+03
360 0.264 1.51E+00 5.54E+03
380 0.257 1.19E+00 5.61E+03
400 0.250 9.47E-01 5.67E+03
420 0.245 7.64E-01 5.72E+03
440 0.239 6.21E-01 5.77E+03
460 0.234 5.10E-01 5.81E+03
480 0.230 4.22E-01 5.84E+03
500 0.226 3.51E-01 5.88E+03
550 0.218 2.29E-01 5.95E+03
600 0.211 1.55E-01 6.00E+03
650 0.205 1.08E-01 6.05E+03
700 0.200 7.73E-02 6.08E+03
750 0.196 5.65E-02 6.11E+03
800 0.193 4.22E-02 6.14E+03
850 0.190 3.20E-02 6.16E+03
900 0.187 2.47E-02 6.18E+03
950 0.185 1.93E-02 6.19E+03
1000 0.183 1.53E-02 6.21E+03
1050 0.181 1.22E-02 6.22E+03
1100 0.179 9.91E-03 6.23E+03
1150 0.178 8.09E-03 6.24E+03
1200 0.177 6.66E-03 6.25E+03
1250 0.176 5.53E-03 6.26E+03
1300 0.174 4.62E-03 6.26E+03
1350 0.173 3.89E-03 6.27E+03
1400 0.173 3.30E-03 6.28E+03
1450 0.172 2.81E-03 6.28E+03
1500 0.171 2.41E-03 6.29E+03
1550 0.170 2.07E-03 6.29E+03
1600 0.170 1.79E-03 6.29E+03
1650 0.169 1.56E-03 6.30E+03
1700 0.168 1.36E-03 6.30E+03
1750 0.168 1.19E-03 6.30E+03
1800 0.167 1.05E-03 6.31E+03
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PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707
SAMPLE ID: PSS-06 at 20.1 ft.


Capillary (van Genuchten, 1980) (Mualem, 1976) (Mualem, 1976)
Head (cm) Volumetric Moisture Effective Water Perm. Effective Air Perm.


TABLE 2


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


FUNCTIONAL RELATIONSHIPS BASED ON DERIVED CAPILLARY PARAMETERS


1850 0.167 9.22E-04 6.31E+03
1900 0.167 8.16E-04 6.31E+03
1950 0.166 7.25E-04 6.32E+03
2000 0.166 6.46E-04 6.32E+03
2200 0.164 4.17E-04 6.33E+03
2400 0.163 2.80E-04 6.33E+03
2600 0.162 1.94E-04 6.34E+03
2800 0.162 1.38E-04 6.34E+03
3000 0.161 1.01E-04 6.34E+03
3200 0.161 7.51E-05 6.35E+03
3400 0.160 5.69E-05 6.35E+03
3600 0.160 4.38E-05 6.35E+03
3800 0.159 3.42E-05 6.35E+03
4000 0.159 2.70E-05 6.35E+03
4200 0.159 2.16E-05 6.36E+03
4400 0.159 1.75E-05 6.36E+03
4600 0.158 1.42E-05 6.36E+03
4800 0.158 1.17E-05 6.36E+03
5000 0.158 9.72E-06 6.36E+03
5200 0.158 8.12E-06 6.36E+03
5400 0.158 6.83E-06 6.36E+03
5600 0.158 5.79E-06 6.36E+03
5800 0.157 4.93E-06 6.36E+03
6000 0.157 4.22E-06 6.36E+03
6500 0.157 2.92E-06 6.36E+03
7000 0.157 2.08E-06 6.37E+03
7500 0.157 1.52E-06 6.37E+03
8000 0.156 1.13E-06 6.37E+03
8500 0.156 8.55E-07 6.37E+03
9000 0.156 6.58E-07 6.37E+03
9500 0.156 5.14E-07 6.37E+03


10000 0.156 4.06E-07 6.37E+03







CAPILLARY CURVE FIT: PSS-06 at 20.1 ft.
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Curve fit by AQUI-VER, INC.


Notes: The residual saturation is estimated by visual inspection of the data. An iterative solver is then 
used to fit the van Genuchten alpha and n to the data.







CAPILLARY CURVE FIT: PSS-06 at 20.1 ft.


0.1


1


10


100


1000


10000


1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04


Volumetric Moisture or Effective Permeability


C
ap


ill
ar


y 
Pr


es
su


re
 (c


m
)


by Curve Fit
PSS-06 at 20.1 ft.
Effective Water Perm.
Effective Air Perm.


PTS File No: 39601
Client:          URS Corporation


PTS Laboratories


Curve fit by AQUI-VER, INC.







Appendix E 
 


Initial and Residual Saturations 







PTS File No: 39601
Client: URS Corporation


PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


METHODS: API RP 40


SAMPLE TOTAL
SAMPLE DEPTH, ORIENTATION BULK, GRAIN, POROSITY, WATER (Swi) NAPL (Soi) WATER (Srw) NAPL (Sor)


ID. ft. (1) g/cc g/cc %Vb SATURATION SATURATION SATURATION SATURATION


PSS-06 20.5 H 1.63 2.63 38.2 77.7 15.3 68.6 10.5
NOTE: Yellow LNAPL produced.  Produced water cloudy.


PSS-04 19.2 H 1.57 2.64 40.5 59.3 16.5 14.5 5.8
NOTE: Dark gray-black LNAPL produced.  Produced water cloudy with a third phase (sediment or cloudy liquid) present in water.


PSS-04 20.5 H 1.61 2.63 38.8 79.0 5.6 38.7 2.7
NOTE: Dark purple-black LNAPL produced.  Produced water clear.


PSS-04 20.9 H 1.61 2.64 39.1 78.1 6.9 38.0 6.9
NOTE: No visible NAPL produced.  Produced water clear with strong hydrocarbon odor.


PSS-05 19.1 H 1.51 2.64 42.7 22.8 2.7 10.6 2.7
NOTE: No visible NAPL produced.  Produced water clear with strong hydrocarbon odor.


PSS-05 20.5 H 1.47 2.63 44.3 65.0 10.8 9.4 8.1
NOTE: Dark gray-black LNAPL produced.  Produced water cloudy.


N/A = Not Analyzed. Vb = Bulk Volume, Pv = Pore Volume.  (1)  H = horizontal,  V = vertica
Soi = Initial NAPL Saturation as received prior to centrifuging at 1000xG, Swi = Initial Water Saturation as received prior to centrifuging at 1000x
Sor = Residual NAPL Saturation after centrifuging at 1000xG, Srw = Residual Water Saturation after centrifuging at 1000x
Water =0.9996 g/cc, NAPL = 0.8600 g/cc.


FREE PRODUCT MOBILITY: INITIAL AND RESIDUAL SATURATIONS


API RP 40


PTS Laboratories


DENSITY Initial Fluid Saturations After Centrifuge at 1000xG


ASTM D425M, DEAN-STARK
PORE FLUID SATURATIONS, % Pv
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PROJECT NAME: Elementis, Corpus Christi, TX
PROJECT NO: 41009205.0109707


METHODS: API RP 40


SAMPLE TOTAL
SAMPLE DEPTH, ORIENTATION BULK, GRAIN, POROSITY, WATER (Swi) NAPL (Soi) WATER (Srw) NAPL (Sor)


ID. ft. (1) g/cc g/cc %Vb SATURATION SATURATION SATURATION SATURATION


PSS-02 19.4 H 1.52 2.63 42.3 76.4 7.7 11.4 5.2
NOTE: Purple-black LNAPL produced.  Produced water clear.


PSS-02 20.6 H 1.45 2.63 44.7 72.7 8.2 21.0 5.9
NOTE: Purple-black LNAPL produced.  Produced water cloudy.


PSS-03 19.1 H 1.39 2.63 47.0 16.7 1.3 9.7 1.3
NOTE: No visible NAPL produced.  Produced water clear with light yellow tint and moderate hydrocarbon odor.


PSS-03 20.7 H 1.54 2.63 41.3 63.3 13.7 19.7 9.6
NOTE: Dark gray-black LNAPL produced.  Produced water cloudy.


PSS-01 19.1 H 1.62 2.63 38.3 32.6 13.1 16.5 9.0
NOTE: Brown LNAPL produced.  Produced water clear.


PSS-01 20.9 H 1.69 2.63 35.8 72.3 2.2 69.4 2.2
NOTE: No visible NAPL produced.  Produced water clear with moderate hydrocarbon odor.


N/A = Not Analyzed. Vb = Bulk Volume, Pv = Pore Volume.  (1)  H = horizontal,  V = vertica
Soi = Initial NAPL Saturation as received prior to centrifuging at 1000xG, Swi = Initial Water Saturation as received prior to centrifuging at 1000x
Sor = Residual NAPL Saturation after centrifuging at 1000xG, Srw = Residual Water Saturation after centrifuging at 1000x
Water =0.9996 g/cc, NAPL = 0.8600 g/cc.


FREE PRODUCT MOBILITY: INITIAL AND RESIDUAL SATURATIONS


API RP 40


PTS Laboratories


DENSITY Initial Fluid Saturations After Centrifuge at 1000xG
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Baildown Testing Information 







LPZ-10 Baildown Test
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LPZ-27 Baildown Test
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EPZ-12 Baildown Test
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EMW-U24T Baildown Test
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EMW-U20T Baildown Test
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OW-U44 Baildown Test
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OW-U49 Baildown Test
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MW-U33 Baildown Test 
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Phase I Soil Vapor Extraction Implementation Memorandum 







Memorandum 
Date: June 5, 2009 


To: David Zuvanich, P.G., El Paso Merchant Energy-Petroleum Company 


From: Derek R. Peacock, URS Corporation 


Subject: Description of the Phase I Soil Vapor Extraction Implementation at the El 
Paso Elementis Site 


 
Introduction and Purpose 
 
The purpose of this Technical Memorandum is to review the findings and conclusions from the 
Phase I Soil Vapor Extraction (SVE) study at the El Paso Merchant Energy-Petroleum Company 
(El Paso) Elementis Chromium, L.P. (Elementis) site in Corpus Christi, Texas.  The study was 
initiated to evaluate the subsurface vapor conditions and performance of a candidate SVE system 
(internal combustion unit).  This study was implemented as a pre-design evaluation and serves to 
provide critical inputs to the basis of design for a full-scale SVE and treatment system.  
Conclusions and recommendations developed from this study are included at the end of this 
memorandum. 
 
Phase 2 for this project will be to develop a basis of design for the full-scale application in the 
Interim Measures (IM) Area of the Elementis site.  SVE is also a candidate technology for 
application over the facility area, either as a separate action or in coordination will the IM Area 
application. 
 
A Task Work Order (TWO) request was generated, submitted to El Paso, and approved.  The 
work was conducted from October through December 2008.  The purpose of the evaluation was 
to determine actual vacuum propagation induced at two extraction rates, the changes in 
hydrocarbon concentration over time, the changes in vapor phase characteristics over time 
(oxygen, carbon dioxide, and methane concentrations) and energy recovery potential.  The 
location of the test is shown in Figure 1. 
 
Background 
 
In 2003, a pilot test was performed at the Elementis site to evaluate multiphase extraction at two 
locations on top of the bluff, but within the IM Area.  This test consisted of liquid pumping 
coupled with applied vapor extraction at the wellhead on two extraction wells drilled to 30 feet 
below ground surface (ft bgs) (into the saturated zone).  Each well was evaluated separately over 
two days for just over two hours per test.  During the pilot test, vacuum pressure was measured 
in sentinel wells and vacuum canister (SUMMA) samples were collected from the extraction 
wells.  These samples indicated extremely high heat (British thermal unit (BTU)) values due to 
the presence of benzene and methane (420 and 427 BTU/cubic foot).  The vacuum radius of 
influence (ROI) determined from this test was approximately 36 feet. 
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Figure 1 - Phase I Application Area 
 


 
 
In general, the short vacuum tests indicated: 1) a smaller ROI than what might be achieved 
longer-term; and 2) vapor phase concentrations that may be biased high relative to 
concentrations that might be observed later in the operation.  The vacuum propagation from such 
a test will usually stabilize within several days at the distal monitoring points, as measured by 
vacuum gauges at locations throughout the wellfield).  Therefore, with a longer test, a greater 
influence could be observed.  During a longer test, oxygen, carbon dioxide, and methane 
concentrations will vary depending on conditions specific to the subsurface and the extraction 
well’s location relative to the non-aqueous phase liquid (NAPL) plume.  While the samples 
collected during the short pilot test provide valuable information regarding the startup 
conditions, there was no clear indication of how the SVE gas composition would change over 
time. 
 
Description of Phase I Implementation 
 
El Paso’s approach is to build the SVE extraction network in phases, starting with this Phase I 
longer-term evaluation.  The initial Phase I system consisted of the following components: 
 


• A vapor extraction and treatment unit; 
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• A 500-gallon propane tank for supplemental fuel; 


• An SVE well; 


• A vapor monitoring network; and 


• Ancillary piping and monitoring equipment. 


 
Vapor Extraction and Treatment Unit 
During the first phase, a rental vapor abatement unit was used to extract and treat soil vapor 
while data were collected to: 1) establish longer-term design criteria; and 2) estimate the 
potential for energy recovery.  The internal combustion unit, obtained by subcontract from 
Remediation Services International (RSI), was selected based on its ability to both extract and 
treat soil vapor without the need for supplemental electrical power.  Additionally, this unit was 
equipped with a generator and “load bank,” allowing the ability to recover energy from the 
extracted soil vapor. 
 
This system is designed to extract vapor via vacuum pressure created by the internal combustion 
engine (ICE) intake, then combust soil vapor by using its heat value as fuel for the ICE.  The 
unit, via computer and precise valves, supplements the process with liquid propane (for added 
heat value) and dilution air (for combustion air volume and oxygen) as needed (see flow diagram 
below). 
 


Flow Diagram for ICE Unit 
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Vapor Extraction and Monitoring Network 
The Phase I evaluation was performed on a single extraction well to prevent overlapping zones 
of influence, which could complicate measurements.  A 2-inch diameter extraction well 
(SVE #1) and three 1-inch diameter temporary vapor monitoring piezometers (TMPs) (TMP-1, 
TMP-2, and TMP-3) were installed on October 17, 2008.  Additional monitoring points (existing 
groundwater wells) were identified at varying distances from the extraction well to help estimate 
vacuum propagation at flowrates of 10 and 30 standard cubic feet per minute (scfm).  These 
monitoring points included EW-4 and EW-5.  The layout of the Phase I extraction and 
monitoring system is shown in Figure 2.  These two flowrates correspond to the desired pore 
volume exchange rate (10 scfm) and the rate at which the engine optimized vapor extraction 
verses propane usage (30 scfm). 
 
The 2-inch vapor extraction well (SVE #1) was installed to a depth of 22.5 feet, which was 
approximately two feet higher than the hydraulic surface (i.e. water table) as measured the day 
prior to installation.  This extraction well was installed with a 5-foot long, 40-slot screen from 
17.5 to 22.5 ft bgs.  The bottom of the well casing was sealed to reduce vacuum propagation 
downward toward the capillary fringe and the saturated zone. 
 


Figure 2 - Layout of Phase I Application 
 


 
 
TMP-1, TMP-2, and TMP-3 were installed at varying distances away from the extraction well.  
The boreholes for these TMPs were drilled to 18 ft bgs, and the TMPs were equipped with 5-foot 
screens set from 13 to 15 ft bgs.  These screens were placed roughly midway between the 
hydraulic surface and the bottom of the overlying clay unit (there is a competent clay unit present 
from the ground surface to approximately 8 to 10 ft bgs).  By using these TMPs and existing 
groundwater monitoring and extraction wells, various monitoring distances were established, as 







Phase I SVE Implementation Memorandum 
June 5, 2009 
Page 5 of 18 


 
shown in Table 1.  The TMPs were equipped with Swagelock® fittings in order to quickly attach 
monitoring instruments. 
 


Table 1 - Distances for Monitoring Points 
 


Location Distance 
(in feet) 


SVE-01 0
TMP-1 5.2
EW-5 16.8
TMP-2 36.3
TMP-3 85.2
EW-4 111.4


 
Following installation, the extraction well and vapor phase monitoring network was allowed to 
equilibrate for several days before the test was started.  The extraction well was equipped with a 
2-inch diameter chlorinated polyvinyl chloride (CPVC) 90 degree elbow, a short run of 2-inch 
diameter CPVC pipe (in which a vapor sample port was installed), a 2-inch CPVC ball valve, 
and an 8-foot CPVC extension that terminated with a cam-lock fitting.  This fitting enabled 
connection to the extraction hose from the internal combustion unit. 
 
Description of Phase I Operation 
 
All components were assembled in final form on October 22, 2008; the internal combustion unit 
was started at 11:45 AM.  The unit was allowed to operate in “supplemental fuel only” mode for 
two hours to test and evaluate its operation.  During this time, baseline measurements were 
performed by URS Corporation (URS) staff.  After two hours, vacuum pressure was applied to 
the well. 
 
The system operated until December 8, 2008 with only one unanticipated shutdown.  This 
shutdown occurred on November 3, 2008 due to a carburetor malfunction.  Fortunately, a 
maintenance event was scheduled for the following day, so less than two days of downtime 
occurred.  Two additional maintenance activities occurred on November 20, 2008 and 
December 3, 2008.  For each of these activities, the system was non-operational for two to three 
hours.  Total operational uptime was calculated to be 96%. 
 
Data Collection 
URS collected the following measurements during Phase I operation: 
 


• Vapor Extraction Well:  Collected air canister (SUMMA) samples for TO-15 
and fixed gases (oxygen, carbon dioxide, and methane) analyses; 


• Vapor Extraction Well and TMPs:  Collected measurements of hydrocarbon 
concentrations (in parts per million volume [ppmv]) using a flame ionization 
detector (FID) and oxygen, carbon dioxide, and methane concentrations using a 
landfill gas monitor; and 


• Vapor Extraction Well, TMPs, and Monitoring Extraction Wells:  Collected 
vacuum pressure using the high port on a differential manometer. 
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The following measurements were collected from the internal combustion unit’s measurement 
and computer system: 
 


• BTUs per hour (hr); 


• Hydrocarbon concentration in ppmv; 


• Flowrate from manifold in scfm; 


• Dilution air flowrate in scfm; 


• Vacuum pressure applied in inches of water; 


• Valve positions for the well, dilution air, and supplemental fuel valves; and 


• Various operating parameters: revolutions per minute (RPM), oil pressure, 
coolant temperature, battery voltage, pre and post-catalytic temperature, propane 
pressure, and engine hours. 


 
Measurements collected by URS were recorded in the field logbook, while the internal 
combustion unit’s information was recorded on a computer. 
 
Description of System Performance 
 
It should be noted that the ICE system automatically modulates the well vapor, dilution air, and 
supplemental fuel valves to minimize the amount of supplemental fuel required and to maximize 
BTUs/hr extracted from the wellfield.  However, the engine also requires a proper mix of oxygen 
and combustible gas to operate.  Dilution air may be required for the engine’s total airflow 
requirement and for supplemental oxygen if the oxygen content of the extracted soil vapor is too 
low for combustion.  More supplemental fuel is required if well vapor BTU per standard cubic 
foot (scf) falls. 
 
As noted previously, the unit was equipped with a generator and a load bank.  When the heat 
value of the well vapor was high, energy could be dissipated to the load back via the generator.  
The number of kilowatts dissipated can be set; increasing the kilowatts dissipated ultimately 
increases the work required from the engine (BTU per time and watts are both units of energy). 
 
The evaluation can be divided into several distinct periods: 
 


• The first period (during the first week), where the well vapor was very rich, but 
exhibited very low percent oxygen; 


• A second period, where the oxygen percentage increased while the heat value 
decreased; 


• A third period, where the concentrations stabilized at lower levels; and 


• Finally, a fourth period of operation at a lower flowrate (corresponding to one 
pore volume exchange per day). 
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Vacuum Pressure and Flowrate 
After a brief startup period, the vacuum pressure applied at the unit was approximately 35 inches 
of water (in.  H2O), as measured by the system.  There was good correlation between the vacuum 
pressure measurements collected manually at the wellhead (by differential manometer), and 
vacuum measurements collected automatically by the system.  As shown in Figure 3, the vacuum 
pressure adjusted (automatically, by the unit’s computer driven carburetor) downward after the 
first period of operation.  This was due to several factors, including the pressure required to 
induce a certain flowrate from the well, the BTU content of the soil vapor, and the oxygen 
content of the soil vapor. 
 


Figure 3 - Vacuum Pressure over Time 
 


 
 
A graph of flowrate versus time is shown in Figure 4.  It appeared that, initially, a slightly higher 
vacuum pressure was required to achieve a given flowrate.  In the middle of November, the well 
flow began fluctuating between 20+ and 30+ scfm.  Upon closer inspection of the data, it was 
found that flowrate increased during the daytime and decreased at night.  It is speculated that 
cooler nighttime temperatures resulted in the atmosphere reaching the dew point.  The presence 
of dew on the ground surface and side of the bluff could have reduced surface air leakage into 
the ground (even with the clay layer acting as a “confining” layer for vapor, slight leakage may 
still exist under normal conditions). 
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Figure 4 - Flowrate versus Time 
 


 
 
The flowrate was intentionally reduced (by reducing the applied vacuum) in December to 
evaluate the vacuum propagation and hydrocarbon concentrations (ppmv) at a second setpoint.  
Figures 3 and 4 illustrate the reduced vacuum pressure and flowrate at this lower setting 
(approximately 10 scfm).  Predictably, vacuum propagation was reduced, hydrocarbon ppmv 
increased, BTU/hr decreased, and much more supplemental fuel was required.  Hydrocarbon 
ppmv appeared to decrease over time during this second step. 
 
The results for vacuum propagation were encouraging.  The ROI appeared to be significantly 
larger in this area than previously estimated based on the results of the 2003 study.  Figures 5 
and 6 show vacuum propagation over distance and time, respectively.  A common metric used to 
determine that adequate vacuum propagation is occurring is when 0.1 inches of water can be 
induced ( During the higher flow portion of the test, it appeared that vacuum propagation based 
on this metric extended over 90 feet.  At lower flow, TMP-3, at 85 feet, exhibited a vacuum 
pressure of 0.1 inches of water.  It should be noted that vacuum pressure is but one measure of 
vacuum extraction effectiveness.  Another metric is whether subsurface vapor concentrations of 
various constituents changed over time.  This will be explored later in this document. 
 
Vacuum pressure over distance did not increase over time, as the curves for the high flow portion 
of the test illustrate in Figure 5.  The slight variability in these curves is likely attributable to 
environmental, weather, or system specific conditions present at the time the measurements were 
collected.  Vacuum pressure did decline throughout the wellfield, as expected, when the 
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extraction rate was decreased to 10 scfm.  The vacuum pressure at 85 feet reduced to 0.1 inches 
of water. 
 


Figure 5 - Vacuum Pressure over Distance at Various Times 
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Figure 6 - Vacuum Pressure over Time at Various Distances 
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System Performance and Energy 
Figure 7 shows a combination of engine parameters.  The dark blue line shows BTU/hr over time 
(as plotted on the left axis).  The other three curves are plotted on the right axis and represent 
valve positions for the well, fuel, and dilution valves.  The units for these positions are simply 
incremental, representing the degree to which the valve was open.  During the first several days 
of operation, the BTU/hr values were very high (over 350,000 BTU/hr).  At this time, the oxygen 
level in the soil vapor was very low (soil vapor composition details will be discussed below).  As 
expected, the dilution valve was open to a greater degree than any other time.  As the oxygen 
percentage increased in the soil vapor, the dilution valve partially closed. 
 
The engine parameters shown on Figure 7 around November 1st may have been affected by the 
carburetor malfunction.  The carburetor was replaced and the system again became operational 
on November 5th.  From this point forward, the soil vapor’s heat value declined.  Predictably, 
supplemental fuel was needed to account for this decline.  Figure 8 shows the process flow 
concentration over time.  Note the higher concentrations initially witnessed during low flow 
conditions in December. 
 


Figure 7 - Engine Parameters 
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Figure 8 - Hydrocarbon Parts per Million Volume over Time from SVE-01 
 


 
 
Hydrocarbon Concentration Data 
Concentration data was collected for total hydrocarbon ppmv, oxygen, carbon dioxide, and 
methane from the SVE well and each of the three TMPs.  Additionally, air canister (SUMMA) 
samples were periodically collected and analyzed for TO-15 analysis.  The purpose of collecting 
this data was to observe changes in the subsurface vapor concentrations over time during vacuum 
extraction. 
 
Prior to extraction, an air canister (SUMMA) sample was collected, along with a baseline round 
of the above referenced measurements.  In all locations, the subsurface was very rich with 
hydrocarbons (including methane), and had low oxygen and carbon dioxide contents.  The 
benzene concentration from the canister sample was 35,000 ppmv.  Several hours after extraction 
had begun, the benzene concentration dropped to 20,000 ppmv.  
 
Figure 9 shows BTUs/hr values along with the benzene concentration from air canister 
(SUMMA) samples collected during the evaluation.  The data show reasonable agreement 
between the concentrations detected and the BTUs/hr results.  An additional canister sample was 
collected in February 2009 to evaluate the degree of concentration rebound.  By that time, 
concentration from a canister sample had reached up to 18,000 ppmv benzene.  This indicates 
that is may be desirable to cycle extraction between various areas/zones over time (e.g., on a 
monthly basis) in order to fully optimize operation. 
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Figure 9 - BTU per Hour versus Benzene Results 
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The remaining parameters (hydrocarbon ppmv, oxygen, carbon dioxide, and methane) were 
collected to determine the degree of “flushing” of fresh air into the subsurface.  It was initially 
desired to target one pore volume exchange per day (calculated at roughly 11 scfm).  Since the 
engine is designed to maximize BTU throughput, it was operated at roughly three times the 
desired flow.  It became apparent during the test that well gas composition changed, with 
hydrocarbon ppmv and percent methane falling, and the percentages of oxygen and carbon 
dioxide initially rising and stabilizing. 
 
Samples were collected by using a small air pump to purge the sample port in order to ensure 
that any fresh air (introduced by opening the port) was evacuated.  The field instruments were 
connected to the pump outlet with a wye connection.  Figure 10 shows the percent volatiles 
contained in soil vapor at the extraction well and at the three monitoring locations.  It is apparent 
that the volatile concentrations in the extraction well and TMP-1 dropped much faster than in 
TMP-2 and TMP-3.  It is suspected that this occurred because: 1) SVE #1 and TMP-1 were 
subjected to higher vacuum pressure; and, 2) SVE #1 and TMP-1 are closer to the bluff, with 
TMP-1 installed north of the SVE well.  Leakage (i.e., short-circuiting with atmosphere) from 
the bluff area directly north of the extraction well likely occurred. 
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Figure 10 - FID Measurements from SVE and TMP Locations 
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Figures 11, 12, 13, and 14 show the soil vapor results as measured by the landfill gas monitor for 
the extraction well and the three TMPs.  These results reinforce the same concepts.  It is 
encouraging that oxygen percentages rose in TMP-2 and TMP-3 (located 36 and 85 feet from the 
extraction well, respectively), indicating that fresh air was being introduced to the subsurface at 
those distances.  This strongly supplements the vacuum propagation as an indication that vacuum 
influence existed to over 85 feet. 


 
Figure 11 - Parameters Measured at SVE Well 
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Figure 12 - Parameters Measured at TMP 1 
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Figure 13 - Parameters Measured at TMP 2 
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Figure 14 - Parameters Measured at TMP 3 
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Total Mass Removed 
The internal combustion unit’s measurement and computer system was used to estimate the total 
mass removed.  The energy required to operate the system is known, as an initial test was run to 
determine the energy demand of the engine operating only with propane.  The drop in energy 
demand from supplemental fuel was recorded as the system began operating on well vapor at the 
beginning of the test.  In turn, the computer calculated the amount of energy derived from the 
well vapor and the estimated hydrocarbon ppmv.  From these data, the volumetric amount of 
product extracted was calculated. 
 
Figure 15 shows the cumulative pounds of product removed, calculated from the assumption that 
it has similar characteristics to gasoline.  The data show the following: 
 


• Total pounds removed - 9,825 


• Total gallons removed - 1,585 


• Barrels removed - 37.7 


 
These calculations used the assumption of 20,000 BTU per pound (lb) and that a gallon of 
product weighs 6.2 lbs. 
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Figure 15 - Cumulative Recovery 
 


 
 
During the beginning of the test, the generator and load bank were used to dissipate energy.  
From October 22nd (2 PM) to October 29th (5 PM), the dissipated load was set to 20 kilowatts.  
From October 29th (5 PM) until October 31st (11:15 AM), the load was set at 15 kilowatts.  Then 
the unit operated at 10 kilowatts from October 31st (11:15 AM) until November 5th (2 PM).  No 
energy was dissipated with the load bank after that time, as the heat value of the vapor had 
lowered to the point where supplemental fuel would be required to generate energy. 
 
These times and kilowatts produced were converted into kilowatt-hours, which can then be 
converted directly to BTU or gallons of automotive gasoline.  It should be noted that better ratios 
could have been achieved if the extraction wasn’t performed at the second flowrate of 10 scfm.  
During this time, propane was used at a faster rate owing to the reduced BTUs/hr being extracted 
from the well.  These data are shown in Table 2. 
 


Table 2 - Energy Calculations 
 


 Gallons of Gasoline 
Equivalent BTU 


Soil Vapor Extracted 1,585 196.5 MM 
Propane Used 700 87.4 MM 


Electricity Generated 144 17.9 MM 
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Conclusions 
 
The following conclusions can be gained from this test: 
 
Radius of Influence 
On the basis of both vacuum pressure propagation and the changes in vapor chemistry in the 
VMPs, the radius of influence for vapor extraction in this area at 30 scfm exceeds 85 feet.  At 10 
scfm, radius of influence is approximately 85 feet.  
 
Extracted Concentration 
During the 30 scfm portion of the test, the hydrocarbon concentration of the extracted vapor fell 
from over 40,000 ppmv, roughly stabilizing between 15,000 and 20,000 ppmv (but still slightly 
declining).  This concentration increased after the unit was shut down for a day and then 
operated at 10 scfm.  At the end of the 10 scfm test, approximately 36,000 ppmv was observed. 
 
Air canister (SUMMA) samples collected and analyzed for benzene ranged from 35,000 ppmv at 
the beginning of the test and declined to 12,000 ppmv near the end.  This concentration 
rebounded to 18,000 ppmv in a sample collected approximately two months following the end of 
the test. 
 
Energy Recovery Potential 
It is apparent that the soil vapor, exhibiting a high heat value, can be used to recover energy in 
order to recover cost.  Approximately 20% of the energy used in propane to perform the 
extraction was recovered in electricity.  The propane used, however, was biased high owing the 
carburetor malfunction and the operation at 10 scfm. 
 
Objectives for Full Scale Design 
 
Four potential metrics have been identified that could affect the scope of the full scale design: 
 


• Maximize mass removal rate; 


• Minimize the unit cost of hydrocarbon removed; 


• Minimize the overall operating cost; and, 


• Achieve the best energy balance using novel means to recover energy. 


 
These metrics should be considered in light of several operational modes: 
 


• Achieve the remedial goals in the shortest amount of time; 


• Achieve the highest BTU/hr; and 


• Maximize the BTU/scf extracted from the wellfield. 


 
The first two modes are mutually inclusive, in that extracting the most mass per unit time would 
serve to meet the remedial goals in a shorter amount of time.  However, increasing the BTU/scf 
is often achieved by optimizing the flowrate at some lower level.  Since there is such a large area 
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of light non-aqueous phase liquid (LNAPL) at the Elementis site, it is possible to have many 
wells operating at optimum flowrate. 
 
The various options for vapor phase treatment could change the design of the wellfield.  For 
example, the ICE used for this evaluation would work best if a number of wells are used to target 
a rate of one half to one pore volume exchange per day.  The spacing of the wells might be 
reduced somewhat for this configuration.  The number of wells and the desired flow per well 
would be matched to a particular vapor phase treatment system’s volumetric and thermal 
capacity.  
 
Recommendations 
 
In order to proceed with the Phase II application of SVE, it should be determined which of the 
potential metrics listed above are most desirable.  This author recommends focusing on 
achieving the remedial objectives while operating in the most efficient manner.  This involves 
several steps: 
 
Additional Extraction Test 


• Consideration should be given to conducting a second test below the bluff, using 
the internal combustion unit.  If such a test is conducted, three to four wells 
should be constructed in areas below the bluff to measure vacuum effects along 
the area of interest.  Each well would have a separate, but shorter test than the 
Phase I test. 


• Multiphase extraction should be considered along the western reaches of the 
groundwater extraction network.  In these areas, low-permeability lenses exist 
approximately 2-3 feet below the hydraulic surface. 


• A second well (potentially SVE-01) atop the bluff, outside of the radius of 
influence from below the bluff, can be used to supplement energy to the internal 
combustion unit.  In this manner, the target extraction rate can be achieved on the 
test well without using as much propane. 


 
Selection of Vapor Phase Treatment Technology 
It is important to decide which vapor phase treatment technology should be used.  The selection 
of the vapor phase treatment technology should be selected on the basis of the metrics identified 
above.  The particular unit employed will dictate the configuration of the SVE network and 
operational mode. 
 
Energy Recovery 
The potential for energy recovery should be explored for both economic reasons and 
sustainability concerns.  If energy recovery is desired, then performing vapor extraction outside 
of the IM Area should also be considered.  Extraction wells in areas outside of the IM Area could 
help in optimization of the vapor phase treatment technology by supplying additional energy for 
efficiency, especially if there are areas requiring remediation that exhibit lower vapor phase 
concentrations during operation. 
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		PSS-06 at 20.1 ft
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